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An essential feature in the four parts of Practical 

Physics for Schools and Colleges^ of which this is the 

second, is to offer a fairly complete experimental course 

in the ground covered at but a trifling cost. The 

apparatus required is inexpensive, and may be readily 

obtained or easily made from the ordinary stock of a 

Chemical Laboratory. In addition to what is stated 

in the Introduction to the first part, it may be remarked 

that a course of Practical Work in Heat is perhaps 

one of the best means of training the powers of accurate 

observation and reasoning. This subject is more subtle 

in its nature than other branches of Physics^ and a 

student has to be continually on the alert to bring an 

'^ experiment to a successful conclusion. The author 

^ begs to thank Mr. H. G. Madan, M.A., of Queen's 

c^ College, Oxford, and Professor Poynting, F.R.S., of 

The Mason Science College, Birmingham^ for several 

important suggestions which have been incorporated in 

^ the work, and Mr. T. J. Baker, B.Sc, who has kindly 

<f revised the manuscript for the Second Edition. 
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A. Thermometry. 

1. Corrections to be applied to the reading of a 
barometer. 

The standard barometer is graduated when both the scale and 
the mercury are at o°C, so that we ought always to reduce our 
reading, h, of the barometer at the temperature, /, of the room to 
what it would be if the scale and the mercury were at o°C. 

(a) Each unit length of the scale at f is longer than it would 
be at o** by I + hi, where b is the coeflficient of linear expansion 
of the metal scale ^ Our reading h is therefore too low, and the 
height corrected for the expansion of the scale is h (i +3/). 

(3) Since the density of mercury at o**C is i + 6/ times greater 
than its density at /°, where h is the mean coefficient of absolute 
expansion of mercury between o° and /°, the column of mercury 
at o"* representing the atmospheric pressure would be i + fi/ 
times shorter than the column at /°. Our reading therefore is 
too high, and the height A (i + ^/) corrected for the expansion of 
the mercury is 

^^i^ = h {i-^bt) (i +ht)-' = h (i-[8-^]/), nearly. 

If the scale is of brass 3 ='0000189, and taking the coefficient 
of expansion of mercury 6 to be 'OOoiS, this expression becomes 

A (i — '00016/). 
(c) There are two other corrections to be made : one for the 
index error, which is merely the mistake of the maker ; the other 

^ Or of glass if the scale is etched on the glass tube itself. 
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a Practical Work in Heat 

for capillarity, which depends on the diameter of the tube. 
These two corrections are made once for all for a given 
barometer and must be added to all reduced observations. 

N.B. For comparison of barometric readings at different places 
on the earth's surface the readings have also to be reduced to the 
sea-level at the equator, since the weight of the column of mer- 
cury varies with the height above the earth and with the latitude. 

Example, On a day, when the temperature was 1 5°, the height 
of the barometer was 754'3™™. Reduce this reading to 0°. 

The reduced height is 754-3 [i— -00016 x 15]= 752-49 

Capillarity and index error = -24 

Corrected height =752-73 



2. Correotion to be applied to the reading of a 
thermometer. 

When the whole of the thread of mercury in a thermometer 
is not immersed in the substance whose temperature we are 
measuring, the thermometer reading is somewhat too low, and 
we must apply a correction to it to give us the true temperature 
of the substance. 

Suppose r° the true temperature of the substance, 

/° the temperature indicated by the thermometer, 
/°' the mean temperature of the air near the thermo- 
meter, 
n the number of thermometer divisions occupied by 

the thread of mercury outside the substance, 

A the excess of the coefficient of expansion of 

mercury over that of glass. 

If both glass and mercury expanded equally the increase of 

temperature of the stem from /"' to r® would not alter the 

reading, but, since mercury expands more than glass, an 

additional fraction, A(7'— Z^, of the original volume of the 

mercury would be occupied by it along the .stem. The original 

volume is indicated by the n divisions, occupied by the mercury 

outside the substance, and therefore the additional length of the 

stem that would be occupied, if the whole thread were immersed 
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in the substance, is nA{T—/^) divisions, if we disregard the 
slight change in volume of this part of the stem due to the 
increase of temperature. Therefore the true temperature of 
the substance is given by 

where A = -000155. 

Example, Find the true temperature of water when a thermo- 
meter, immersed up to the 20**^ degree, shows a temperature 
of 8o'3°, while the temperature of the surrounding air is i6«7°. 

r= 80.3 + 60-3 X -000155 (80-3 — 16.7) 
= 80.89°. 

3. To compare two thermometers. 

It is often convenient and sometimes necessary to use two 
thermometers in an experiment, and, as mercury thermometers 
seldom exactly agree, it is important to compare one with the other. 

Apparatus, Two thermometers : Beaker : Sand-bath : Retort- 
stand and Clamp : Bunsen Burner : Curve-paper ^. 

Experiment, Tie the two thermometers together and support 
them by the clamp so that they dip vertically into a beaker of 
water placed on a sand-bath. Heat the water gradually, keeping 
the whole of it well stirred ' continually. About every iivt. degrees 
rise of temperature take the readings of each thermometer*. 
Enter the corresponding temperatures in two adjacent columns. 
Continue taking readings until the water boils. 

Plot a curve of your results as follows : — Take a piece of 
curve paper and draw two straight lines at right angles to 
each other near the lower and the left-hand edges of the 
paper. These lines are called the axes of the curve, and the 
point of their intersection the origin. Along the bottom line 
[the line of abscissae] mark off equal spaces to represent 5°. 

' See Appendix B. 8. 

' Stirring is a most important operation where uniformity of temperature 
is required. A feather or a flat piece of wood does well for a stirrer, though 
it is better to use some means of stirring vertically. 

* In reading a thermometer place your eye on a level with the top of the 
mercury thread, and always estimate to tenths of a division. A pocket 
magnifying glass is useful for the purpose. 

B 2 



4 Practical Work in Heat 

The number of divisions on the paper to be taken to 
represent 5° must depend (a) on the number at your dis- 
posal and (b) on the range of temperature to be indicated. 
Along the left-hand vertical line [the line of ordinates] 
mark off equal spaces [not necessarily of the same length as 
before] to represent 5°. Along the horizontal line place very 
small dots at the points representing the temperatures you have 
read on thermometer A^ and along the vertical line at the points 
representing the temperatures read on the thermometer B. Now 
mark with a very small cross the points obtained by the inter- 
section of imaginary vertical lines through the temperatures of A 
with imaginary horizontal lines through the corresponding tem- 
peratures of B, Draw carefully a fine continuous line [curved or 
straight as the case may be] which will pass through the average 
run of the series of points so obtained'. The points along 
this curve represent also those which we have not determined 
by experiment. We can now easily find what temperature on 
one thermometer corresponds to a given temperature on the 
other. For, if we wish to know what temperature on B 
corresponds to 55-5° on A, draw a vertical line through the 
point representing this temperature on A^ and from the point 
where this line intersects the curve draw a horizontal line. 
This will cut the vertical temperature line of B at the required 
point. Fig. I shows a curve obtained by comparing two given 
thermometers. 

4. To test the freezing-point of a thermometer. 

Apparatus. Funnel: Beaker: Thermometer: Retort-stand: 
Ice. 

Experiment, Place the funnel in a ring of the retort- stand 
and under it place the beaker. Hang the thermometer with its 
bulb inside the funnel so that the zero is on a level with the 

* The curve will not pass through all the points unless your observations 
have been perfectly exact. Some points will probably be above and some 
below the final curve. It is a gocil thing to use a piece of thin cardboard 
or a flexible lath as a guide when tracing the curve. When a curve is 
completed, always write along the top edge of the paper the experiment 
to which the curve refers, and along the horizontal and vertical axes the 
name of the measurements to which their corresponding divisions refer. 
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5 Practical Work in Heat. 

rim. Well wash a piece of ice and with a chisel scrape off some 
shavings. Pack these round the thermometer in the funnel. 
Pour over them some distilled water and determine the lowest 
point to which the mercury sinks. The difference between 
this point and o° will be the zero error of the thermometer. 

N. B. Except in cases in which a difference of temperatures, 
each of which is measured by the same thermometer, is required, 
the zero error of the thermometer must be known and a suitable 
correction applied to the reading taken with it. 

5. To test the boiling-point of a thermometer. 

Apparatus, Flask fitted with a two-holed bung : Short elbow- 
tube : Thermometer : Sandbath : Bunsen Burner. 

Experiment. Fill half the flask with water. Fit the elbow-tube 
into one hole, the thermometer into the other hole of the bung. 
Arrange the thermometer so that, on placing the bung in the 
flask, the bulb is about i cm. above the surface of the water. 
Place the flask on the sandbath and apply heat. When the 
water has boiled briskly for some time, and the thermometer has 
risen as far as it will, read the temperature. This gives the 
boiling-point under the present atmospheric pressure as indi- 
cated by this thermometer. To find whether the thermometer 
reads correctly we must calculate what temperature would be 
indicated by it when water boils under a pressure of 760"^™, 
the true boiling-point under this pressure being 100°. From 
the tables [Appendix A. 10], giving the boiling-points of water 
under different pressures, we find that an increase of 26*8™™ in 
the pressure causes a rise of 1° in the boiling-point. Hence, 
if H is the present atmospheric pressure, and x^ the required 
correction to be added to the temperature, read above, to get 
what the thermometer would indicate as the boiling-point of 
water under a pressure of 760™^, 

.y° : 1° : : 760 — ^y : 26.8. 

The diflference between the corrected temperature and 100° is 
the error of the boiling-point. 

Example. A thermometer marks 99*3° as the boiling-point 
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of water when the height of the barometer is VSS-S™"^. Find 
the error of the thermometer. 

26-8 : 4'5 : : 1° : jcr°; .\ x = a 7°, nearly. 

Thermometer reading = "99.3 
Correction = •17 

99-47 
Error of boiling-point = '53 

lOO'OO 



6. Determination of the melting-point of a solid 
(Method 1 : Directly). 

Apparatus. Glass tube drawn out to a fine bore: Beaker: 
Test-tube: Thermometer: Sandbath: Bunsen Burner : Paraffin- 
wax. 

Experiment. Melt the wax in the test-tube and draw up 
some of the liquid into the narrow glass tube. Fuse the end 
and tie it to the thermometer and support vertically in a beaker 
of water placed on the sandbath. Heat the water, keeping it 
continually stirred. Note the temperature at which the wax 
begins to be transparent at one particular point of the tube. 
Remove the beaker from the sand-bath, and allow the water to 
cool, keeping it stirred. Note the temperature at which the 
wax begins to solidify at the same point as before. The mean 
of the two readings will give the melting-point approximately. 
Lower the flame and heat very gently, so as to determine the 
melting-point as above more accurately. Repeat this twice 
more and take the mean of the results as the true melting-point. 

Determine as above the melting-points of Beeswax and Stearic 
Acid. 

7. Determination of the melting-point of a solid 

(Method 2 : By a time- curve). 

Apparatus. Test-tube fitted with a two-holed cork : Beaker : 
Thermometer : Sandbath : Retort-stand : Watch : Bunsen 
Burner : Paraffin-wax : Curve-paper. 

Experiment. Fill the test-tube with the melted wax and fix 
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the thermometer ® in the cork so that it dips into the melted 
wax up to the 20*^ degree or so. Support the test-tube by a 
string to the retort-stand and bring up a beaker of water to 
immerse it completely. Heat the water till the wax is all 
melted. Take away the beaker, wipe the test-tube dry, and 
allow the wax to cool gradually. Note the temperature indicated 
by the thermometer every half minute until the wax has become 
quite solid and has cooled to about 30°. Arrange your results 
in a tabular form as follows : — 



Times. 


Temperatures. 







Plot your results in a curve taking the times as abscissae and the 
corresponding temperatures as ordinates. Since the liguid gives 
out its heat of fusion on solidifying the temperature will for some 
time remain more or less stationary at this point. Therefore the 
curve will show two turning-points or points of inflexion. The line 
between them is approximately parallel to the axis of times, and, 
if produced, will cut the axis of temperatures at the required 
melting-point. Compare your result with that of Experiment 6. 

Determine as above the melting-points of Beeswax and 
Stearic Acid. 

"^8. Determination of the melting-point of an alloy. 

[A is a cylindrical vessel of sheet iron, 3 cm. in diameter, 6 cm. in 
height. In the middle of it is fixed a metal tube By 1 cm. in diameter. 
Between A and B is the alloy. The tube B contains mercury, the level of 
which is just above that of the alloy.] 

Apparatus (Fig. 2). Thermometer: Watch: large Bunsen 
Burner: Mercury: Common Solder [equal parts by mass of 
Lead and Tin] : Curve-paper. 

Experiment. Fill the outer cavity of the apparatus about three 

• The thermometer ought previously to be warmed carefully over a flame 
to prevent its breaking when placed in the melted wax. 
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Experiment. Support the apparatus in a beaker of cold water 
so that the shorter limb is completely immersed, and place 
a thermometer close to it. Gradually • heat the water, keeping 
it continually stirred. The pressure of the vapour of the liquid 
in the tube will increase and will depress the mercury in the 
shorter limb. When the level of the mercury is the same in 
the two limbs the pressure of the vapour is equal to the 
atmospheric pressure. The temperature at which this is the 
case is the boiling-point of the liquid, and must be noted. On 
taking away the burner the mercury in the right-hand limb may 
continue to rise for a little. If so, allow the water to cool and 
take another reading of the thermometer when the two columns 
return to the same level. Repeat this twice more, and take the 
mean of your readings as the boiling-point of the liquid under 
the existing atmospheric pressure. Record both the temperature 
and the barometric height. 

Determine as above the boiling-points of Ether and Carbon 
Bisulphide, and Turpentine (using an oil baih). 

*11. To compare the variation of the boiling-point of 
a saline solution with its strength. 

Apparatus, A flask about 400 c.c. capacity fitted with a cork 
through which pass a short elbow-tube and a thermometer : 

a sand-bath. When we begin to heat a beaker of water, moisture condenses 
on the outside. The air always contains aqueous vapour, and the warmer 
the air is the greater the quantity it can contain. The layer of air in contact 
with the outside of the beaker, being cooled by the water, cannot therefore 
contain as much vapour as the warm air rising from the Bunsen flame. 
Therefore moisture condenses and soon collects into drops of water, which, 
if allowed to trickle down to the bottom of the beaker, are apt to crack it. 
Thus it is necessary to begin to heat the water gradually by moving the 
flame about. When the temperature of the water has risen to 30° or 40° 
the moisture disappears and there is no further danger. 

' It is necessary to insist upon the fact that it is useless to try and * rush ' 
an experiment. The student must take time over it and be continually on 
the alert in watching the process. Otherwise the result will be useless or 
the experiment will completely fail and time will be wasted. In this 
particular experiment it has been frequently found that a student places 
a burner under the beaker of water containing the 6^tube and either neglects 
to watch the rise of temperature or to stir the water. The result is that 
the temperature rises above the boiling-point of the liquid enclosed and the 
mercury is expelled with violence and the tube has to be filled again. 
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Sand-bath : Bunsen Burner : Crystallised Calcium Chloride : 
Curve-paper. 

Experiment, Drop a small piece of clean coke or some pieces 
of broken glass into the flask to prevent boiling with bumping 
and counterpoise the flask and cork. Fill the flask about one- 
third full of distilled water and arrange the thermometer with its 
bulb under the surface. Note the temperature, /, at which the 
water boils. Weigh the flask and its contents to find the mass, 
M^ of the water present. Put about 20 grams ^° of the salt into 
the flask, and weigh again to find the exact mass, m^y of the salt 
added. Boil this solution and note the boiling-point t^ . Weigh 
the flask so as to determine the mass, M^ , of the solution. Add 
about 20 grams more of the salt. Weigh again to determine e^act 
mass, /«2> added. Boil and note the boiling-point /g. Weigh 
to determine the mass, M^, of the solution. Repeat this process 
until the boiling-point rises to about 1 50°. Read the barometer 
and enter your results in a tabular form as follows : — 

Barometric pressure, ... mm. 



Mass of 
salt added. 


Mass of 

contents of flask 

after boiling. 


Percentage of 

solid in 

solution. 


Boiling-point. 





M 





/ 


• • • 


• • • 


• « • 


h 

• • • 



The composition of crystallised Calcium Chloride is 

CaCla-h6H20 

III +108 = 219, 

therefore the mass of solid present is ^JJths of the mass of 
the salt added. To get the numbers in the third column let us 
find TTj. The mass of salt added is m^-Vm^-^cm^^ therefore the 



^^ In the case of anhydrous salts add about 10 grams each time. No 
correction for the water of crystallisation will be necessary in this case. 
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mass of solid present is W\ {m^ + m^ + m^. Thus the percentage 
of Calcium Chloride in the contents of the flask is 

^^ ^i^ X 100. 

219 x-Afj 

Plot a curve, taking the percentages as abscissae and the 
corresponding boiling-points as the ordinates, marking the origin 
of temperatures loo^ 

N.B. At certain stages of the experiment, it may be well to 
concentrate the solution by boiling the water away instead of by 
adding more salt. 

Determine as above the variation of the boiling-point with 
solutions of Potassium Nitrate and of Sodium Chloride. 



B. Expansions. 

The coefficient of linear expansion of a solid is that length by 
which I cm. of it expands on being heated from 0° to i°C. 

The coefficient of cubical expansion of a substance is that 
volume by which i cub. cm. of it expands on being heated 
from 0° to i°C. 

The expansion of solids and liquids is in general very nearly 
constant for successive degrees of temperature, and so small as 
to allow us, without appreciable error, to determine the coefficient 
of expansion by finding the mean expansion per linear or cubic 
cm. for i°C, between the ordinary limits of temperature in an 
ex^periment. The expansion of gases is, however, too large to 
allow us to do this, and therefore we must either start with the 
gas at o°C, as in Experiments 24 and 26, or reduce the results to 
o*^C as in Experiment 25. 

12. Determination of the coefficient of linear expan- 
sion of a metal tube ^^ 

\M\^ the metal tube, about 120 cm. in length, firmly fixed at one end by 
a short piece of metal rod passing through a holdfast S fixed in the wall. 
Near the other end, which rests in a groove made in a fixed support, is 
soldered the needle N. Through the cork, closing this end, passes a piece 

^^ I believe this method is due to my predecessor, Mr. A. D. Hall. 
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of glass tubing, connected by india-rubber tubing with an elbow-tube, passing 
tightly through the cork of the boiling can B ".] 

Apparatus (Fig. 5). Microscope with a divided scale in the 
eyepiece : Thermometer : Bunsen Burner. 

Experiment, Measure the distance, Z, between the fixed end 
and the needle, and note the temperature, /, of the room. 
Arrange the microscope so as to focus an edge of the needle on 
one of the extreme scale-divisions in the eyepiece, remembering 
that the direction of the motion of the needle, when the rod 
expands, is reversed by the microscope. When once adjusted 
be careful not to move the apparatus during the experiment. 




Fig. 5- 

Now boil the water in the can and allow the steam to pass 
through the tube. The tube will expand, and the needle will 
be seen to move across the scale. Continue to pass the steam 
until the needle comes quite to rest. Count the number of 
scale divisions the needle has moved over and multiply by the 
known value of a scale division ^' in centimetres. This gives 
us the length, /, by which the tube has expanded. Read the 
barometric height, and find from the tables [Appendix A. 10] 
the temperature, T^ of boiling water at this pressure ^*. Then 

^' An ordinary oil can, through the cork of which passes an elbow-tube, 
is a convenient boiling can. Cans made of copper last much longer than 
the tin ones, as rust eats holes into the bottom of the latter. 

" This is easily obtained by looking through the microscope at a metre 
rule and noting how many millimetres are covered by the scale. The scale 
in use in the writer's laboratory covers 2 mm. and is divided into 100 
divisions. 

^* If the error of the thermometer by which we measure the temperature 
of the air is not known (Experiment 5), it is better to measure the tempera- 
ture of boiling water with the same thermometer instead of referring to the 
tables. Whenever a difference of temperatures is required, as in this case, 
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L cm. have expanded by / cm. for a rise of temperature (7'--/)° 

[r° suppose] 

.*. I cm. expands by — cm. for a rise of i°C, 



Avhich is the required coeflBcient of linear expansion of the 
tube. 

Determine as above the coeflBcients of linear expansion of 
Iron, Copper and Brass. 

13. Determination of the coefflcient of cubical expan- 
sion of glass by the density bottle. 

Apparatus, Density bottle with perforated stopper : Beaker : 
Thermometer : Sandbath ; Bunsen Burner : Mercury. 

ExperimenL Thoroughly clean and dry'* a density bottle. 
Counterpoise it^* and then fill it with Mercury, while the 
density bottle is immersed up to its neck in water. Read the 
temperature, /, of the water. Take the bottle out and dry it, 
being careful not to handle it more than is absolutely necessary". 
Find the mass, M^ of the mercury it contains at this tempera- 
ture. Replace the bottle in the beaker" and boil the water. 
After allowing it to boil for a few minutes take the bottle out 
again, dry it carefully and weigh to determine the mass, M\ of 
mercury remaining in it. Note the temperature, 7; of the 
boiling water. The mass of mercury that has been expelled 
is M — M\ or m suppose. Hence the mass, M\ of mercury has 
not only expanded to fill the increased volume of the bottle, 
but has also occupied the place of the m grs. which have been 
expelled. We may take these masses as proportional to the 

the error is eliminated by measuring both temperatures with the same 
thermometer. 

" See Appendix B. 3. 

" BuUets, shot, and sand are convenient to counterpoise bodies with, 

*^ Since the temperature of the room is in general somewhat higher than 
that of the water, it is best to take out the stopper carefully and to place it 
by the side of the bottle on the pan of the balance. This prevents any loss 
of mercury that may ooze through the stopper by reason of its expansion 
from this cause. 

" To prevent mishaps we must not place the bottle on the bottom of the 
beaker but on a low support when boiling the water : e. g. on a clay triangle 
whose three wire ends are bent downwards to form three legs. 
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volumes, since both were at the same temperature at the moment 
of expulsion, hence 

m' cub. cm. of mercury expand in excess of the glass by 

m cub. cm. for {T—/f [r° suppose] 

.-. I cub. cm. expands by — >- cub. cm. for i°C. 

This gives us the mean coeflScient of expansion of mercury 
(A) relative to glass between these temperatures. The co- 
efficient of expansion of glass {k) may be taken approximately 
as the mean absolute coefficient (6) less the mean relative 
coefficient of expansion of mercury. 

Look in the tables [Appendix A. 2] for the mean absolute 
co-efficient of expansion of mercury between r° and /°, and from 
it subtract the above value of A in order to get the coefficient 
of expansion of the glass, and enter your results as follows : — 

M = ... grs. T= ...° 

M^= ... grs. / = ...° 

.-. OT = ... grs. Tables give 6 = ... .*. r = ...° 






N.B. To illustrate the method of calculating d from the 
numbers given in Appendix A. 2, suppose we require the mean 
absolute coefficient of expansion of mercury between 10° and 
50°. From the table we find that i c.c. of mercury at 0° 
becomes 

1*0090 at 50° 

I •00 1 8 at 10° 
.*. Total expansion for 40° = -0072 
mean absolute coefficient of ex- 
pansion between 10° and 50° = -0018 

*14. Determination of tlie coefficient of cubical expan- 
sion of glass by the weight thermometer. 

Apparatus, A piece of fairly thick glass tubing about 15 cm. 
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Fig. 6. 



long and i*5 cm. in diameter: Beaker: Thermometer: Evapo- 
rating Dish : Crucible : Retort-stand : Bunsen Burner : Mercury. 

Experiment Clean and dry the glass tube. Hold it in the 
flame of a Bunsen's burner and heat it near one end, keeping 
on turning it round so as to heat it uniformly. When quite 
viscous draw it out while still in the flame and so close the end. 
Anneal it by holding the closed end in an ordinary gas flame 
until it is covered by a deposit of carbon and 
allowing it to cool gradually. 

When it is cool, heat it uniformly near the 
other end, and when viscous take it out of 
the flame and draw it out to a fine tube. 
Bend it as in the figure, and cut off with 
a file any superfluous tube. Counterpoise 
this weight thermometer. Then support it 
by a wire so that its beak dips under the 
surface of clean dry mercury [Appendix B. 4J 
in an evaporating dish resting on a ring of 
the retort stand. We have now to fill the thermometer with 
mercury. This we do by heating it so as to drive out some 
air, and then allowing it to cool again ^®, when the atmospheric 
pressure will force some mercury in. When, by alternately 
heating and coolings we have got it about three parts full, boil 
the mercury so as to expel all the remaining air, and allow the 
thermometer to remain with its beak still under the mercury 
until it has cooled down nearly to the temperature of the room. 
Then bring up a beaker of cold water so that as much as possible 
of the thermometer is immersed, resting the beaker on another 
ring of the retort-stand. By means of a siphon change the water 
three times at intervals of five minutes. While this is going on 
counterpoise the crucible. We have now the thermometer full of 
mercury at the temperature, /, of the water, which we note. Take 
away the dish containing the mercury and replace it by the 

^* We must be careful to prevent the glass cracking by the contact of the 
cold mercury and the heated glass. The sides and not the bottom of the 
thermometer had better be heated first and the mercury in the dish warmed 
as well. 
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counterpoised crucible, so that it may catch any of the liquid that 
may be expelled from the thermometer. Now heat the water 
about 10° above the temperature of the room *^, keeping the water 
well stirred; note the temperature, Z^, and weigh the mercury 
expelled, my Replace the crucible and heat again io° higher: 
weigh the total quantity of liquid in the crucible, m^ : continue 
alternately heating and weighing thus till the water boils. Then 
take out the weight thermometer, dry it carefully, and find the 
mass, Mni of the mercury it contains. Enter your results in 
a tabular form as follows : — 



Tempera- 
tures. 


Mass of 

mercury 

in crucible. 


Mass of 
mercury in 
weight ther- 
mometer. 


Mean 
relative ex- 
pansion of 
mercury. 
(A) 


Mean 

absolute 

expansion of 

mercury. 

(«) 


Coefficient 
of expan- 
sion of 
glass. 
(5-A = y&) 


• • • 


fftti 

... 
mn 


M 


A, 
Aa 

• t 

An 


• • • 


 • • 

• 



Mean = 



The numbers in the third column are obtained thus: the 
mercury contained in the weight thermometer at the beginning, 
M^ is equal to M^-^ctn^^ 

.-. M ^ M^-^m^, 

&c. 

To get the numbers in the fourth column let us find Aj : 
M^ c.c. of mercury evidently expand by m^ c.c. for {t^—tfy 

.*. I c.c. expands by — 7—^ — r^ c.c. for 1°, which is A«, the 

mean coefficient of relative expansion between t^ and /° (see 

^ Each time before taking the crucible away we must be sure the mercury 
is at the same temperature as the water. To ensure this regulate the flame 
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Experiment 1 3). The numbers in the fifth row are found from 
the tables (Appendix A. 2). The coefficient of expansion of glass 
is found by subtracting the corresponding numbers in the fourth 
and fifth rows. 

*15. Determination of the coefficient of cubical expan- 
sion of a solid by the weight thermometer. 

« 

Apparatus, A piece of fairly thick glass tubing about 15 cm. 
long and i cm. in diameter : Beaker : Thermometer : Eva- 
porating Dish : Crucible : Retort-stand : Bunsen Burner : 
Glycerine : Leaden Shot. 

Experiment Close one end of the tubing in the flame, and 
introduce a known mass, M^, of shot. Draw the other end out 
and bend as in Experiment 14. Weigh and determine the 
mass of the glass vessel. Fill it in the manner described in 
Experiment 14, using glycerine instead of mercury, being care- 
ful to get rid of all air bubbles. After it has attained the tem- 
perature, /, of the water in the beaker, replace the evaporating 
dish by a previously counterpoised crucible. Heat the water to 
boiling and continue boiling for five minutes, so that the shot 
may attain the temperature of the water. Note the tem- 
perature, Ty of the boiling water. When no more glycerine is 
expelled weigh the crucible and determine the mass, m, of the 
glycerine in it. Then take the weight thermometer out of 
the water, dry it, and determine the mass, M^, of the glycerine 
remaining in it. 

On raising the temperature through {T—if, r° suppose, the 
lead, glycerine, and glass have expanded, and the volume of the 
expelled glycerine evidently is equal to the sum of the expanded 
volumes of the lead and the glycerine less the expanded volume 
of the glass vessel. 

If J9j is density of Lead and x its coefficient of cubical expan- 
sion, 

so as to keep the temperature fairly constant for a minute, keeping the 
water well stirred. Before removing the crucible it is advisable to" touch 
the beak of the weight thermometer with its side to detach any liquid 
adhering to the beak by capillary attraction. 

C 2 
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if Z?2 is density of Glycerine at /° and a its coefl&cient of cubical 
expansion, 

and if ^ is the coefficient of cubical expansion of the glass, then 
the volume of the Lead taken is 

— i = Fj c.c, suppose, 

and the volume of the Glycerine that filled the weight thermo- 

meterat/'is ^.^ 

—2 = Tg C.C, suppose ; 

.-. the volume of the glass vessel at /° is V^-{- V^ c.c, and the 
volume of the expelled Glycerine at /° is 

m 

— z=z V c.c, suppose. 

Therefore 

v(i +ar) = Fj (i + .rT)+ Fj (i + aT)-(ri+ V^) (i +^t), 

,\ X = • 

All the quantities on the right-hand side being known, we 
can determine x. 

Determine as above the coefficients of expansion of iron and 
copper, both in the form of turnings. 

16. Determination of the coefQ.cient of absolute expan- 
sion of a liquid by Dulong and Fetit's method. 

{^A and B are two glass tnbes, about •75 cm. in internal diameter 
and 80 cm. in length, bent at right angles at the bottom where they are 
joined tightly together by a piece of india-rubber tubing J^. B passes 
through two corks, closing the ends of a wide glass tube C about 3 cm. 
in diameter, and nearly but not quite as long as B^^, Through these 
corks also pass two elbow tubes D and E — the upper one is connected 
with a boiling can (see note 12) and the lower one is to allow the escape 
of the steam. This apparatus should be fixed by pieces of leather to 
a wooden support.] 

Apparatus (Fig. 7). Thermometer : Boiling Can : Bunsen 
Burner: Metre Rule: Amyl Alcohol. 

^ It is better to have the horizontal bend of B fused through the wall 
of the tube C, so that the whole column of the liquid may be heated by 
the steam, and then to measure the heights above the middle of the 
horizontal arm. 
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Determine as above the coefficients of expansion of turpen- 
tine and glycerine. 

17. Determination of the coefficient of cubical expan- 
sion of a liquid by the bulb-tube. 

Apparatus, A long tube of narrow bore with a bulb at one 
end. (The tube must be graduated in equal divisions and the 
volume of the bulb and of a division must be known [Ap- 
pendix B. I .]) Beaker : Thermometer : Wire Gauze and 
Tripod : Bunsen Burner : Metre Rule : Turpentine. 

Experiment, Fill the bulb and a small portion of the tube 
with turpentine and support it in a beaker of water resting on 
the wire gauze. Read the temperature, /, of the water and the 
division of the stem to which the turpentine reaches. Hence, 
knowing the volume of a stem division and also that of the bulb, 
calculate the total volume, V, occupied by the turpentine at /*^. 
Heat the water, keeping it continually stirred, up to a tempera- 
ture at which the turpentine nearly fills the tube. Lower the 
flame and when the temperature has become constant read it, 
7^ suppose, and calculate as before the total volume, V\ 
occupied by the turpentine when it ceases to rise. It is evident 
that the original volume, K, has expanded by (r*— F), z; suppose, 
in excess of the expansion of the glass, for a rise of temperature 
{T—ty [t° suppose]. 

.*. F c.c. expand by v c.c. for t°, 

V 

,\ I c.c. expands by — c.c. for i°, 

which is the mean coefficient of relative expansion of tur- 
pentine between the two temperatures. 

To get the mean coefficient of absolute expansion add to this 
the coefficient of cubical expansion of glass. 

Determine as above the coefficients of expansion of glycerine 
and alcohol. 

*I8. Determination of the temperature at which water 
has the maximum density by Depretz' method. 

Apparatus. A bulb-tube similar to the one used in Experi- 
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ment 17, containing distilled water instead of Turpentine: 
Beaker: Thermometer: Wire Grauze on Tripod: Bunsen 
Burner : Curve paper : Ice. 

ExperimenU Support the bulb-tube in a beaker and pack it 
round with clean crushed ice and fill up the beaker with water. 
Place a thermometer in the ice, and when the mercury has 
reached its lowest point read the temperature. If the thermo- 
meter marks o°C as it should do if it were correct, it will give 
correct readings throughout the experiment ; but, if it does not 
mark o°C, it will be necessary to correct the temperatures you 
observe during the experiment, adding to or subtracting from 
each the error of the freezing point according as the thermometer 
marks a temperature below or above o°C, while in the ice. 
When the water in the stem has become quite steady read the 
division, «, to which it reaches. Apply heat gently till the ice has 
melted, keeping it well stirred. At about every degree rise in 
temperature read the number of stem-divisions occupied by the 
water in the tube as well as the corresponding temperatures ^. 
Knowing the volume of a stem-division and that of the bulb, 
calculate the total volumes occupied by the water at the dif- 
ferent temperatures. Continue this till the water nearly fills 
the whole stem and enter your results in a tabular form as 
follows : — 



Vol. of Bulb = ... C.C. : vol. 


of a stem-division — ... c.c. 


Temperatures. 


Number of stem- 
divisions occupied 
by the water. 


Total volumes 
of the water. 


Volumes to which 

I c.c. of water at 

0° C expands in 

excess of the glass. 




• • • 


n 

• • • 


V 

• • » 


I 
i32 

• •  



^ To ensure that the liquid is at the temperature indicated, when it has 
been heated nearly to the temperature required, lower the flame so as to 
keep the temperature fairly constant for a minute. Now take the reading 
of the thermometer and the height of the liquid, when it ceases to rise. 
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To get the numbers in the fourth column divide those in the 
third by V, Plot your results on a curve, taking the tempera- 
tures as abscissae and the numbers in the fourth column as 
ordinates. 

This curve gives us the expansion of water in excess of the 
glass bulb tube. What does the shape of the curve show ? To 
get the absolute expansion of water we must first draw the curve 
of expansion of the glass. As we may consider its expansion 
to be uniform, the curve will be a straight line. Taking '000026 
as the coefficient of expansion of glass, multiply it by the highest 
temperature in column 1, and at the point in the line of abscissae 
representing this temperature, draw below the line an ordinate 
whose value is i + this product, and join its extremity with the 
origin. The vertical distance between this line and the original 
curve at any temperature gives us the volume which i c.c. of 
\^ ater at 0° would become at this temperature independently of 
the expansion of the glass vessel. Now draw a tangent to the 
original curve parallel to the line of glass expansion. The 
vertical distance between these two straight Knes is evidently 
the smallest volume the water occupies, and the point where 
this vertical cuts the line of abscissae is therefore the tempera- 
ture of maximum density of water **. 

19. Determination of the temperature at which water 
has the maximum density by Hope and Depretz' method. 

[A cylindrical tin vessel A (a biscuit tin will do), about 10 cm. in 
height and 6 cm. in diameter, has four smooth holes bored at equal dis- 
tances from each other, to which corks are fitted water-tight. Through 
each cork passes a thermometer. The cover B of the vessel is turned over 
and rests on the top, serving to contain the freezing mixture.] 

Apparatus (Fig. 8). Ice : Salt : Curve-paper. 

Experiment, Fill the vessel A quite full with distilled water 
and place as much of a freezing mixture of crushed ice and salt 
[i part of salt to 2 parts of ice] as possible into the cover B. 
Replace the cover so that the bottom of it is in contact with the 

^ This experiment will, with care, give a good result. 
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surface of the water in A, Mark the temperatures indicated by 
the four thermometers every minute and arrange your results in 
a tabular form. No. i will cool rapidly at first since the water 
on cooling becomes denser and sinks to the bottom. No. 2 
will cool more slowly, and No. 3 and 4 still more slowly until 
the lowest thermometer reaches the temperature of maximum 
density of water (about 4°). This one remains stationary while 
No. 2, 3, and 4 will in order arrive at this temperature. After 
this the water on further cooling expands, and being less dense 
No. 4, which was the 
last to reach 4°, will L B 

be the first to cool to 
0°. The other ther- 
mometers. No. 3, 2, I, 
will successively attain 
0°. Plot on the same 
piece of curve-paper 
your results for the four 
thermometers, taking 
the times as abscissae 
and the corresponding 

temperatures for the ordinates. It will be found that the curves 
will cross each other along a horizontal line, which, on being 
continued, cuts the temperature axis at the temperature of the 
maximum density of water. It is important that the observer 
should not come closer to the apparatus than is absolutely 
necessary to read the thermometers, as the radiation from the 
body will prevent the water cooling suflficiently. 

20. Determination of the coefficient of cubical expan- 
sion of a liquid by the weight thermometer. 

Apparatus, Weight thermometer as in Experiment 14: 
Beaker: Thermometer: Evaporating Dish: Crucible: Retort- 
stand : Bunsen Burner : Glycerine. 

Experiment. After counterpoising the weight thermometer 
fill it with glycerine according to the instructions of Experi- 
ment 14. When the glycerine is at the temperature, /, of the 



Fig. 8. 
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water replace the evaporating dish by a previously counter- 
poised crucible. Heat the water, stirring continually, until it 
boils. Note the temperature, z; of the boiling water. Remove 
the crucible [Note 20] and find the mass of glycerine, m, 
that it contains. Take out the weight thermometer, dry it, 
and find the mass, M, of glycerine remaining in it. This 
glycerine will, on cooling, contract, and leave a space repre- 
senting the volume of the expelled glycerine. Hence M grams 
of glycerine at /°, on being heated to 7^°, would expand in excess 
of the glass by an amount represented by m grams and would 
fill the weight thermometer. Taking, as we may, these masses 
as proportional to the volumes, 

M c.c. of glycerine expand in excess of the glass by m c.c. for 
{T—ty, [r° suppose] ; 

.-. I c.c. expands by — c.c. for i", 

Mr 

which gives us the mean coefficient of relative expansion be- 
tween these temperatures. To get the mean absolute expansion 
add the coefficient of cubical expansion of glass. 

Determine as above the coefficient of expansion of turpentine. 

*21. Determination of the coefiQ.cient of cubical expan- 
sion of mercury at different temperatures by the density 
bottle. 

Apparatus, Density Bottle : Beaker : Thermometer : Sand- 
bath : Bunsen Burner : Mercury : Curve-paper. 

Experiment, Thoroughly clean and dry the density bottle. 
Counterpoise it and then fill it with clean dry mercury [Ap- 
pendix B. 3, 4], while the density bottle is immersed up to its 
neck in water. Read the temperature, /, of the water. Take 
the bottle out and dry it, being careful not to handle it more 
than is absolutely necessary ^*. Find the mass, M^ of the mercury 
it contains at this temperature. Replace the bottle in the beaker 
and gradually warm the water, stirring continually until the 
temperature has risen about 10°. When the mercury is at the 

" See Note 17. 
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temperature of the water**, read the thermometer, f, take the 
bottle out, dry it, and find the mass, M^j of the mercury in it. 
Repeat this series of observations for about every 10° rise in 
temperature until the water boils. Note the temperature, T, of 
the boiling water, and enter your results in a tabular form as 
follows : — 



Tempera- 
tures. 


Mass of 
mercury 
in bottle. 


Mean 
coefficients 
of relative 
expansion. 


Mean 
coefficients 
of absolute 
expansion. 


Volumes to 
which I c.c. 
at /° ex- 
pands. 


t 

• • • 


M 

m • • 


A« 

... 


• • • 


I 

• • • 



In order to get the numbers in the third column let us find \. 
M^ c.c. expand by M--M^ c.c. in excess of the glass for a rise in 
temperature (/g— ^)°» 

.'. I c.c. expands by — — c.c. for i^ 

which is A^, the mean coefficient of relative expansion of 
mercury between these temperatures. The numbers in the 
fourth column are obtained by adding the coefficient of cubical 
expansion of glass to those in the third column. 

The numbers in the fifth column are found by dividing 
into M the series of numbers in the second column : e. g. 

iJ/j at f expand to M at t.^ ; 

M 
/. I c.c. at f expands to — [i.e. jSg] at t^. 

Plot a curve of your results, taking the temperatures as 
abscissae and the numbers in the fifth column as ordinates, 
and compare this curve with the similar one for water obtained 
in Experiment 18. 

^ See Note 22. 
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*22. Determination of the coefficient of cubical expan- 
sion of a liquid by Matthiessen's method. 

Apparatus, A balance with a hole bored in the base under 
one of the pans*. Apiece of glass tubing about 4 cm. long: 
Beaker : Thermometer : Bmisen Burner : Glycerine. 

Experiment. Hang the glass tube to one arm of the balance 
by a very fine wire, passing through the hole in the base of the 
balance, and arrange it so that it can dip into a beaker. 
Counterpoise the glass tube. Bring up a beaker of glycerine 
so as to immerse it completely, being careful not to let it touch 
the sides. Remove any air bubbles from it by a feather and 
note the temperature, /, of the glycerine. Restore equilibrium 
by known weights, coj. This represents the weight of an equal 
volume of glycerine at /°. If V is the volume of the glass tube, 
d^ the density of glycerine at /°, 

Vdt = coj. (i) 

Now heat the glycerine and allow the glass to remain in it 
until both are at the same temperature. Determine this tempera- 
ture, T, and quickly restore equiUbrium by known weights, coj. 
If k is the known coefficient of expansion of the glass, dr the 
density of glycerine at 7^, 

F(n-^7^^r=o)2. (2) 

Dividing (1) by (2) we have 

df (Oj 

(i+^r)^//' 0)2' 

If X is the mean absolute coefficient of expansion of glycerine 

dt^drii-^-xr)', 

I •\-XT O), 
* I + /^T CDj ' 

*• It is best if possible to have the balance at a sufi&cient height from the 
table to allow the beaker to rest on a piece of wire ganze on a tripod over 
a burner. By adjusting the flame of the burner we can keep the liquid at 
a fairly constant temperature while weighing. 
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Repeat the above twice more, raising the glycerine each time 
to a higher temperature. Enter your results in a tabular form 
and compare your values of x. 

Determine as above the coefficients of expansion of Water 
and Amyl Alcohol. 

* 23. To find the change of volume produced on the 
melting of a solid. 

Apparatus. A piece of glass tubing about 25 cm. long : 
Beaker : Thermometer : Bunsen Burner : Mercury : Wax. 

Experiment. Draw out one end of the glass tube to a 
point, and calibrate about 6 cm. of it from the other end 
[Appendix B. 2]. Bend the tube carefully 5 cm. from the 
pointed end so that the two branches are parallel. Counter- 
poise it and introduce through the pointed end a column of 
about 6 or 7 cm. of melted wax. Allow this to solidify and 
fuse the end with a blowpipe. If there is any air remaining 
melt the wax again and drive the air out by heat. Find the 
mass, My of the wax introduced and determine its density, D : 

M 
then its volume is — (or V^ cub. cm. Now pour into the tube 

some clean mercury until its level ifi about 5 cm. from the top. 
Immerse the tube in a beaker of water on a sand-bath so that 
all the wax is under the surface and support a thermometer 
near it. Heat the water, keeping it well stirred, up to the 
known melting point of wax. Directly it begins to melt read the 
level, ^1, of the mercury. Lower the flame and continue heating 
and stirring till the wax has all just melted. Read the level, A/, 
of the mercury again. This change of level represents a known 
change of volume v^ Take away the burner and allow the wax 
to solidify. When it has just all solidified read the level of 
the mercury. Repeat this twice more: enter your results in 
a tabular form and take the mean change of volume as the 
correct result. 
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Level of mercury when wax has 




melted. 


solidified. 


Change of volume. 


% 

>i.' 


-4. 





Average 



• • C»v* 



Origuial volume, F= ... c.c. 
Percentage change of volume on melting 



0/ 

• • • iO' 



Determine as above the change of volume of Stearic Acid 
and of Ice on melting. 

24. Determination of the coefficient of cubical expan- 
sion of air at constant pressure (Method 1) ^. 

Apparatus, A piece of thermometer tubing about 20 cm. 
long : Beaker : Thermometer : Wire Gauze on Tripod : Bunsen 
Burner : Mercury ; Curve-paper : Ice. 

Experiment. Dry the thermometer tubing thoroughly : close 
one end*of it in the flame. Dip the open end under the surface 
of clean mercury and heat it strongly with the Bunsen to drive 
out a portion of the air. On allowing it to cool, a thread of 
mercury will be forced up the tube, enclosing a certain volume 
of air. Tie this tube to a thermometer, placing the closed end 
opposite the zero. Support them vertically in a beaker on the 
wire gauze and pack them round with clean crushed ice, and fill 
up the beaker with water so that the whole column of air is 
under the surface. Read the temperature indicated by the 
thermometer and correct your subsequent readings for the error 
of freezing point, if any. Read also the volume, v^, of the 
enclosed air in terms of the thermometer divisions. Replace the 
ice by tap-water and again read the volume of the enclosed air 

^ In this and the two following experiments we neglect the expansion of 
the glass. 
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and the temperature when both have become constant. Gently 
heat the water, keeping it constantly stirred, and about every 5° rise 
of temperature read the thermometer and the volume of the 
enclosed air. Take as many readings as the volume of the air 
will allow and enter your results in a tabular form as follows : — 



1 

Temperature. 


Volume of air. 


Mean coefficient of 
expansion of air. 


Volumes to which 
ICC. at 0° expands. 




•  • 


 • • 


• • • 


I 
•• • 



To get the numbers in the third column let us find a^, 

A volume v^ c.c. at o^^C expands by v^—v^ c.c. for a rise of 
temperature 4°; 

.•. I c.c. at o°C expands by — c.c. for a rise of i°C, 

which gives us Og, the mean coefficient of expansion of air 
between o® and t^. To get the numbers in the fourth column 
divide those in the second column by v^. 

Plot your results on a curve, taking the temperatures as the 
abscissae and the corresponding numbers in the fourth column 
as the ordinates. What does the form of the curve show? 
Compare it with the curve obtained in Experiment 18. 

26. Determination of the coefficient of cubical ex- 
pansion of air at constant pressure (Method 2). 

Apparatus, A round bottomed flask fitted air tight with a one- 
holed bung. Through the hole, passes a piece of glass tubing to 
which is attached a short piece of india-rubber tubing. A vessel 
[in which to place the flask] containing a little water : Beaker : 
Thermometer : Litre measuring jar : Clip : Bunsen Burner. 

Experiment, Thoroughly dry the flask, and after fitting the 
bung tightly into the neck support it inside the vessel so that it 
is just above the surface of the water. Cover with a piece of 
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cardboard through a hole in which the neck of the flask passes. 
Boil the water briskly for about 5 or lo minutes, and, after reading 
the barometer, find the temperature, T, of boiling water. We now 
have the flask full of air at 7^. Clip the india-rubber tubing, take 
the flask out of the vessel'and invert it so that its neck dips under 
cold water. When the air has cooled open the clip. The water 
will rise in consequence of the contraction of the air. Shake the 
water up with the air for at least five minutes, until both are at the 
same temperature, keeping the neck of the flask under water. 
Then, arranging so that the level of the water inside and outside 
the flask is the same, i.e. so that the enclosed air is at atmospheric 
pressure, clip the india-rubber tubing in the same place as before 
and measure the volume, v, of the water that has entered and 
note its temperature, /. Then fill the flask with water up to the 
point where the india-rubber tubing was dipped in the first 
instance and measure its total volume, V, 

It is evident that a volume V^v c.c. of air at /° would, on being 
heated to 7^, expand to a volume V c.c. and fill the flask. If 
X is the coefiicient of expansion of air 

I c.c. of air at o°C becomes i-\-xi 2X /° 

and i+orrat t"") 

.-. V—v: V\\ 1+^/: I+JC7'; 

which gives us the mean coefficient of expansion of air between 
these temperatures. 

26. Determination of the coefficient of increase of 

pressure of air at constant volume. 

• 

[A glass tnbe with a bulb B about 5 cm. in diameter; blown at one end, 
is bent twice at right angles as in the figure, the longer limb being from 
40 to 45 cm. in length. All moisture must be carefully expelled from it 
by warming the bulb over a flame. The end of the tube is joined by a 
piece of india-rubber tubing ^ about 50 cm. long to another similar piece 

^ Thick india-rubber tubing lined with canvas ought to be used to 
withstand the pressure. 
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of glass tubing A about a metre in length. Fill the longer limb of B, the 
india-rubber tubing and part of the tube A with clean dry mercury. A 
small piece of paper is gummed on at *a^ to serve as a mark. This 
apparatus should be attached by pieces of leather to a wooden support. 
Instead of using the india-rubber tubing a more convenient method is to 
join the ends of the two tubes by two branches of a thick india-rubber 
T-tube, the third branch being firmly bound to the nozzle of an ordinary 
india-rubber air ball. Pressure is exerted on the mercury filling the ball by 
a screw passing through a piece of 
wood resting on the ball, the op- 
posite edge of the piece of wood 
being hinged to the base-board. 



Apparatus (Fig. 9). Beaker : 
Thermometer : Metre rule : 
Bunsen Burner : Curve-paper : 
Ice. 



ExperimmL Arrange the 
bulb B inside a beaker sup- 
ported by wire gauze on a 
tripod, and pack it round with 
clean crushed ice and fill up 
the beaker with water. Raise 
or lower A so as to bring the 
level of the mercury exactly to 
the mark a. Read the tempera- 
ture indicated by the thermo- 
meter and correct your subse- 
quent readings for the error of 
freezing point, if any. Measure 

the difference of levels h^^ if any, of the mercury in the two 
tubes. Read the barometric height, H. The enclosed air 
is now at temperature 0° and under a pressure of ff^h^, ac- 
cording as the mercury in A is higher or lower than that in 
the other limb. Replace the ice by tap-water and wait 
until the temperature has become constant. The air will 
expand and press down the mercury below a. In order to 
reduce the air to the same volume as before, raise the tube A 
imtil the level of the mercury returns to a. At this instant 




Fig. 9. 
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note the temperature, /j, and simultaneously measure the differ- 
ence, ^j , of the heights of the mercury columns '*. Gently heat the 
water, keeping it continually stirred, and at about every 5^ rise in 
temperature reduce the air to its original volume and note simul- 
taneously the temperature and the difference of the heights of the 
mercury columns. Take as many readings as possible, and enter 
your results in a tabular form as follows : — 

Barometric height, H = 



mm* 



Temperatures. 


Difference in heights 
of mercnry columns. 


Pressure of 
enclosed air. 


Mean coefficient of 
increase of pressure. 




• • • 


A. 

• • • 


If±K^P, 
JI+/ti='Pi 
If+h^^Pt 

• • • 


• • • 



To get the numbers in the fourth column, let us find a,. 
The pressure Pq at 0° increases to P^ for a rise of temperature /, , 
.*. unit pressure at 0° increases by 



A-^o ^, ^2— A 



^0^2 



or 



^0^2 



- for a rise of 1°, 



which gives us a^ the mean coefficient of increase of pressure 
between these temperatures. 

Plot your results in a curve, taking the temperatures as 
abscissae and the corresponding pressures in the third column 
as ordinates, and compare with the curve in Experiment 24. 

We have assumed that the small volume of air in the short 
branch tube between the level of the water in the beaker and 
the mark a is at the same temperature as the air in bulb. For 
greater accuracy we should have to allow for this not being so. 

N.B. When you have finished be careful to lower A as far as 
it will go, as otherwise, when the air cools, mercury will be 
forced into the bulb. 

*27. Determination of the boiling-point of a saline 
solution by the air thermometer. 

Apparatus, A perfectly dry Flask about 300 c.c. capacity 

*• See Note 22. 
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with its neck drawn out to a fine point : Large Beaker, con- 
taining a saturated solution of Common Salt ^ : Sand-bath : 
Bunsen: Thermometer. 

Experiment. Weigh the flask to determine its mass. Sup- 
port it so that it is almost completely immersed in the saline 
solution. Boil the solution for about five minutes, then fuse the 
pointed neck of the flask with a blowpipe flame. Take it out, 
wash the outside and place its neck under water, and, when sufii- 
ciently cool, break off the point. The air inside will contract on 
cooling and water will enter the flask. Shake up the water and 
air for five minutes, keeping the neck under the surface. When 
the flask and the water have attained the same temperature, /, 
which we must determine with a thermometer'*, arrange it so that 
the level of the water inside and outside the flask is the same, close 
the point with the finger, and take it out of the water. Dry it 
and weigh, and find the mass of water that has (entered by sub- 
tracting the mass of the empty flask. This mass in grams may be 
taken to represent the volume, v, of the water that ha^ entered. 

Now carefiiUy boil the water in the flask for a minute or two, 
and then quickly dip its neck under water. If it has been boiled 
long enough, all the air will have been expelled, and water will 
enter and fill the flask. After allowing the whole to cool, take 
it out, dry, and re-weigh, and so determine the mass of water 
that fills the flask which may be taken to be its volume, 
Fee. A volume V—v c.c. of air at /° would on being heated 
to the temperature, T suppose, of the boiling saline solution 
expand to a volume V c.c. and fill the flask. If a is the known 
coeflicient of expansion of air we have, as in Experiment 25, 

V—v: V:\ i+a/: i + ar; 
Vat+v 

Determine as above the boiling point of oil and of a saturated 
solution of Copper Sulphate. 

^ 100 grs. of water dissolve 36 grs. of common salt at 15°. 

'^ The error of freezing point of the thermometer should have been deter- 
mined as in Experiment 4 and the proper correction applied to the tempera- 
ture, /. 

D 2 
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C. Calorimetry. 

The unit of heat, called a calorie, is that quantity of heat 
which is required to raise i gram of water one degree centi- 
grade. We shall assume that this is constant all through the 
scale of temperatures. 

The specific heat of a substance is the ratio of the quantity of 
heat required to raise a given mass of the substance through 
a certain number of degrees to the quantity required to raise an 
equal mass of water through the same number of degrees — in 
other words, it represents the number of calories, as defined 
above, required to raise i gram of the substance i°C, or the 
number emitted by i gram when cooling i°C. 

The heat 0/ fusion is the quantity of heat required to 
transform i gram of a solid to the liquid state at the same tem- 
perature, or vice versd. The heat of vaporisation is the quantity 
of heat required to transform i gram of a liquid to vapour 
at the same temperature, or vice versd, under given atmospheric 
pressure. 

N.B. In the following experiments on the measurements of 
quantities of heat, we must arrange to lessen as much as possible 
conduction and radiation of heat from the calorimeter — the 
vessel in which heat is measured. To prevent conduction the 
calorimeter may either be supported on a triangle of cord tied 
to a ring of the retort-stand, or may be packed in an empty 
beaker with cotton wool, or better still, be supported by strings 
inside a tin vessel. 

The methods by which the errors due to radiation are 
corrected are beyond the scope of this book, and therefore we 
must try and lessen the amount of radiation. This may be 
done by polishing the outside of the calorimeter and the inside 
of the tin vessel in which it is placed, and also by placing so much 
liquid in the calorimeter that the final temperature may not 
be much above the temperature of the room. We shall assume 
that the above precautions are taken in each of the following 
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experiments in Calorimetry. When two thermometers are 
used they must always be compared, either as in Experi- 
ment 3 or by dipping them into the same beaker of water, and 
the reading taken on one must be reduced to what it would be 
on the other. 



28.. Determination of the water value of the Calori- 
meter and Thermometer. 

Apparatus, A metal vessel to be used as a Calorimeter: 
Beaker: Two Thermometers : Sand-bath: Bunsen Burner. 

Experiment, Counterpoise the calorimeter, and support a 
thermometer with its bulb inside the vessel. Heat some water 
in a beaker to about 25° or 30° C, and take its temperature, r, 
with the other thermometer. Let the temperature of the calori- 
meter be /°. Quickly pour some of the warm water into the 
calorimeter so that it is about half full. Stir well and read the 
highest temperature, ^, to which the thermometer rises before it 
begins to cool again. Weigh and find the mass, m^ of water 
that has been poured in. 

m grams of water have cooled from 7* to ^°, therefore they 
have given out m{T-'6) calories. Since no heat is supposed 
to be lost, these have been absorbed by the calorimeter and 

thermometer, raising their temperature from t° to B° .*. — ^ - 

calories would raise ihem i°C. This quantity is called their 
^ water value* or ^ heat capacity^ ^^. It is evidently equal to the 
number of grams of water that would have been raised the same 
number of degrees. 

Repeat this experiment, using water that has been heated to 
70°, and enter your results in a tabular form. 

^ In the following experiments the water value of the calorimeter and 
thermometer is denoted by |«. If we know the specific heat of the 
material of which the calorimeter is made we can find its water value by 
multiplying its mass by its specific heat. 







Beaker : 



lOt and put ihe 
Put the test- 
Counterpoise 
find the mass, 
(. When the 
l^ionary read the 
,fennoineter and 
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Water value of the calorimeter and 

thermometer /m = ... grs. 



Final temp, of water ) _ ^ original temp, of I _ 

and cal. J "* Lead J 

Original do. = ...° Final do. = ... 

Rise of temp, of do. = . . . ° Fall of temp, of do- = ... 



Number of calories absorbed by water 

„ „ „ jy „ cal. and therm. 

Total number of calories absorbed by the water, 
cal., and therm, which is equal to the total number 
emitted by the Lead 



.'. ... grs. of Lead on cooling ...° emit ... calories. 

.*. I gr. „ „ „ „ 1° emits . . . calories. 

N.B. This may be taken as a type for tabulating the results 
of experiments in Calorimetry. 

Determine as above the specific heats ^ of Copper, Tin, Zinc, 
Crystallised Copper Sulphate [in Turpentine whose specific 
heat must be determined as in Experiment 34]. 

[Instead of heating the solid in a test-tabe in a beaker of water, by which 
method some heat is lost while transferring the solid to the calorimeter, a better 
plan would be to use the apparatus of Fig. lo. ^ is a glass tube 9 cm. long 
and I '5 cm. in diameter, closed at one end by a cork, through which passes 
a thermometer T, This tube passes through two corks closing the ends 
of a wider glass tube Aj 10 cm. long and 4 cm. in diameter. Two elbow- 
tubes pass through the corks of A, the upper one C being connected with 
a boiling can, the lower one D allowing the steam to escape. The solid 
is hung by a thread close to the bulb of the thermometer. Steam is passed 
through the outer cylinder till the thermometer rises no more. By raising 
the cork we allow the solid to drop into the calorimeter placed under the 
tube^.] 

80. Determination of the specific heat of a solid by 
the method of mixtures (Method 2). 

Apparatus. Calorimeter : Beaker : Two Thermometers : 
Wire cage : Bunsen Burner : Beeswax. 

^ The solid should either be in small pieces, in powder, or in sheet. 
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ExperinunL In the case of a solid lighter than water, or of 
one that sticks to the test-tube on being heated, take a small 
open wire cage, whose specific heat, j, is known and find its 
mass, m'. Cut up the solid into small pieces and place them 
in the cage. Weigh to determine the mass, M^ of the solid. 
Hang the cage containing the solid by a thread in water 
which we raise to a temperature, r, below the known melting 
point of the solid. Counterpoise the calorimeter and fill it 
two-thirds full of water. Find the mass, /«, of water introduced 
and determine its temperature, /. Quickly transfer the cage to 
the calorimeter, note the final temperature, ^, and weigh again 
to determine the mass, m'^^ of water that was carried over. Then 
since the heat given out by the solid, the cage, and water, m!', 
is equal to the heat received by calorimeter, thermometer and 
water, w, we have, if x is specific heat of the solid, 

\Mx^-m's-\'m''^ {T—0) = (w+/ui) (O—t); 

hence we determine x, 

N.B. — Since the amount of water carried over is usually very 
small, we may, unless great accuracy is required, omit the final 
weighing and neglect m^\ 

Determine as above the specific heat of Paraffin-wax. 

31. Determination of the specific heat of a solid by 
fusion of ice. 

Apparatus, Beaker : Test-tube : Thermometer : Bunsen 
Burner : Cotton wool : Small block of Ice : Small piece of Lead. 

Experiment, Weigh the piece of lead, M, and put it and 
a thermometer in a test-tube immersed in a beaker of water. 
Heat the water to boiling. Counterpoise a small piece of cotton 
wool attached to a piece of glass tube as a handle. Bore out 
a hole in the block of ice and carefully dry it. When the 
thermometer in the test-tube has become quite stationary read 
the temperature, T, and quickly transfer the lead to the hole in 
the ice. Let it remain till it has cooled to o®. Then sop up 
with the cotton wool the water that is formed. Weigh the 
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cotton wool and determine the mass, /w, of the ice that has 
melted. One gram of ice requires 79-25 calories to melt it, 
therefore 79*25 m calories have been given out by M grams of 
lead in cooling from 7^ to o*', therefore i gram of lead would 

give out — calories on cooling 1°, which is the required 

specific heat. 

Determine as above the specific heats of Copper and Iron, 
and compare your results with those obtained in Experiment 29. 

32. Determination of the specific heat of a liquid by 
the method of mixtures (Method 1). 

Apparatus, Calorimeter: Beaker: Thermometer: Bunsen 
Burner: Mercury. 

ExperimenL Counterpoise the calorimeter and pour in water '* 
until it is about two-thirds full. Find the mass, m^ of the water 
added and place a thermometer in it. Put some mercury in 
a vessel with a thermometer and heat it to about 100° C Note 
the temperature, 7; of the mercury, and also the temperature, /, 
of the water. Quickly pour some of the mercury into the 
calorimeter and, stirring the mixture together, note the highest 
temperature, ^, to which the thermometer rises. Weigh the 
calorimeter and determine the mass of mercury, My introduced. 

The water and the calorimeter have been heated from f to 
^, and have therefore absorbed (/« + /x) (^— /) calories. Since 
no heat is supposed to be lost, this is the number of calories 
given out by M grs. of mercury cooling from 7^ to &^, 

.-. M grs. of mercury, cooling ( T— Gf, give out {m + m) (^ ^ /) 

calories. 

r 1. o . (»2 + f^) (^ — 

.'. I gr. of mercury, coolmg i , gives out ' 

calories, which is the required specific heat. 

Determine as above the specific heat of Turpentine, and of 
a 1 5 per cent, solution of Ammonium Chloride, and of a 20 per 
cent, solution of Sodium Chloride. 

^ If the liquid, whose specific heat is required, is lighter than water, it 
should be put in the calorimeter and the water should be heated. 
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83. Determination of the speciflc heat of a liquid by 
the method of mixtures (Method 2). 

Apparatus. Same as for Experiment 32, and, in addition, 
Alcohol. 

ExperimenL In the case of a liquid, e.g. Alcohol, which 
emits or absorbs heat on being mixed with water, we cannot 
determine its specific heat as above, but instead of water must 
use some liquid, e.g. Turpentine, whose specific heat, s^ is known, 
which has no action on the given liquid. Counterpoise the 
calorimeter and fill it half full of Alcohol. Determine the mass. 
My of the Alcohol and its temperature, /. Heat some Turpentine ^^ 
to about 60°, note its temperature, T, and pour some into the 
calorimeter. Determine as before the final temperature, ^, to 
which the mixture rises. Weigh to determine the mass, m, of 
Turpentine added. The heat given out by the Turpentine on 
cooling from T^ to ^ is equal to the heat absorbed by the 
Alcohol and calorimeter on being heated from f to ^. Therefore, 

ms {T-B) = {MX + ii) (O-t), 

whence x, the required specific heat of alcohol, can be deter- 
mined. 

34. Determination of the specific heat of a liquid by 
the method of mixtures (Method 3). 

Apparatus, Calorimeter: Beaker: Two Thermometers: 
Bunsen Burner : Turpentine : Leaden Shot. 

Experiment, Instead of using a second liquid as in Experi- 
ments 32 and 33 we may u6e a solid, such as Lead, whose 
specific heat, s^ is known. Having poured into the calori- 
meter a known mass, M, of Turpentine whose temperature, /, 
we determine, put some of the shot into a test-tube with 
a thermometer and place it in a beaker of water which 
we heat to boiling. When the thermometer stops rising 
read the temperature, 7; of the lead and quickly transfer it to 
the calorimeter and, stirring, note the final temperature, Q, 

^^ The vessel should be nearly full of Turpentine, so that but little heat is 
lost on pouring it into the calorimeter. 
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Weigh the calorimeter and find the mass, tn, of shot injtroduced. 
The lead on cooling from 7^ to Gf" gives out ms {T—0) calories 
of which fx (0—/) have gone to heat the calorimeter, therefore 
ms{T—6)-'ii{d'-/) have heated M grams of Turpentine from 
/° to ^° ; 
therefore m(7-- ^)-^(^-/) 

calories would heat i gram of Turpentine 1°, which is the 
required specific heat. 

Determine as above the specific heats of Glycerine, of Alcohol, 
and of concentrated Sulphuric Acid. 

36. Detennination of the specific heat of a liquid by 
the method of cooling - ^ 

Apparatus, Calorimeter'"': Beaker: Thermometer: Bunsen 
Burner: Mercury. 

Experiment, Counterpoise the calorimeter and support it on 
a triangle of strong cord tied to the ring of a retort stand. Heat 
some clean dry mercury up to about 70° or 80°, and pour 
some of it into the calorimeter so as to fill it about half full. 
Put the thermometer in the mercury"^, and while stirring carefully 
observe the time it takes to cool every 5° down to 40°. Weigh 
calorimeter and find mass, M, of mercury in it. Empty the 
mercury out and repeat exactly the same series of observations 
with water instead, being careful to fill the calorimeter with the 
water to the same height as the mercury was at. Let m be the 
mass of water introduced. 

To determine the specific heat from our observations we must 
remember that Dulong and Petit proved by experiment that 
when two different liquids are allowed to cool in an .enclosure 
of a constant temperature, the velocity with which either loses 
heat only depends on the excess of its temperature over that of 

^ This method gives satisfactory results only with liquids which are good 
conductors of heat. 

^ When mercury is used the calorimeter must not be of tin. In this case a 
glass beaker may do. We must determine its water value as before. 

» See Note 6. 
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the enclosure and on the nature and extent of the surface at 
which the cooling takes place, and is independent of the nature 
of the liquid. Therefore, since we fill the same calorimeter to the 
same height in both cases, the quantity of heat given out per 
minute by the mercury and the water must be the same 
between the same range of temperatures. If M is the mass of 
mercury and if it takes n^ minutes to cool 5°, the heat given out 
per minute is 



n^ 



i where x is the specific heat of mercury. 



The heat lost per minute by a mass m of water which takes n^^ 
minutes to cool through the same 5° is 



n^ 



Equating the above two expressions we determine Xy the 
required specific heat. 

Enter your results in a tabular form as follows : — 



Temperature. 


Time of cooling. 


Specific heat 
of mercury. 


Mercury. 


Water. 


7o''-65° 

• • • 


• • « 


• * • 


•^1 

• • • 



Mean = 



Mass of water, m -= .,, grs. 
Mass of mercury, M = ,„ grs. 

Determine as above the specific heat of Glycerine. 

36. Determination of the quantity of heat absorbed or 
emitted when a salt is dissolved in water. 

Apparatus, Calorimeter: Beaker: Thermometer: Powdered 
Ammonium Chloride. 

Experimeni, Counterpoise the calorimeter and pour into it 
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100 grams or cub. cm. of water whose temperature, /, we note. 
Weigh about 15 grams of Ammonium Chloride and transfer it 
to the calorimeter. Keep stirring the mixture and read the 
lowest temperature, ^, to which the thermometer sinks. Then 
weigh the calorimeter and determine the exact mass, niy of the 
salt introduced. 

The quantity of heat absorbed cooled the solution, whose 
known specific heat is f, and the calorimeter from /° to ^, 
therefore the heat absorbed by dissolving i gram of Ammonium 
Chloride in 100 grams of water is 

[(lOO + W2)j + /Ul](/— 0) 

= —  > 

m 

which is called the ' Heat of Solution ' of the solid. 

Determine as above the heat of solution of Sodium Chloride. 

N.B. Specific heat of a 15 per cent. solutioA of Ammonium 
Chloride is '89. 

Specific heat of a 20 per cent, solution of Sodium Chloride 
is .86. 

In both cases the alteration per cent, of the specific heat may 
be taken as '©05. 

37. Determination of the Heat of Fusion of Ice. 

Apparatus, Calorimeter: Beaker: Thermometer: Ice. 

Experiment Counterpoise the calorimeter and fill it three 
parts full of water whose mass, niy we determine. The water 
may with advantage be warmed 5° above the temperature of the 
room, so that the heat it radiates in the first part of the experi- 
ment may be compensated by the heat it absorbs in the latter 
part. Support a thermometer in it and note its temperature, /. 
Clean a piece of ice and break it up into small pieces and 
transfer them one by one to the calorimeter, after brushing off 
the moisture from them, by a pair of crucible tongs whose 
points are wrapped in flannel. Be careful not to put so much 
ice in that it cannot all be melted. For 50 grams of water 
at 15°, 4 cub. cm. of ice will be sufficient. Keep stirring the 
ice with the water until it is all melted, and note the lowest 
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temperature, By to which the thermometer sinks. Weigh the 
calorimeter and determine the mass, My of ice introduced. 
The water and calorimeter have been cooled from /° to ^ ; the 
amount of heat given out by them is therefore 

Part of this has gone to melt the ice and part to raise the 
resulting water from o to d. The latter quanuty is MOy there- 
fore the amount gone to melt the ice is 

(m'\-ii)(t'-e)'-Me, 

therefore i gram of ice requires ^ to melt 

to I gram of water at o**, which is the required heat of fusion. 

38. Determination of the heat of Fusion of a solid 

(Method 1). 

Apparatus, Calorimeter : Beaker : Two Thermometers : 
Bunsen Burner : Paraffin-wax. 

Experiment, Counterpoise the calorimeter. Place in it 
about 5 grams of paraffin-wax whose specific heat, Sy is known, 
and find its mass, M, It is best to melt the wax first, and by 
shaking cause it to be deposited in a thin layer on the inner 
surface of the calorimeter. The whole must of course be 
allowed to cool completely before proceeding with the ex- 
periment. Heat some water in a beaker up to about 70°. 
Place a thermometer in the calorimeter and determine its 
temperature, /. Read the temperature*' of the hot water, 7; 
and pour enough of it into the calorimeter to fill it two-thirds 
full; keeping it stirred, read the temperature. By to which 
the thermometer rises before it begins to cool slowly by 
radiation. Now weigh the calorimeter and find the mass, m, 
of water that has been poured in. The hot water has given 
out m{T—B) calories, of which {Ms+fj) {B—t) have been 
absorbed by calorimeter and wax in being heated from /^ to ff^. 

^ The temperature must be such that the final temperature $ is aboye the 
melting-point of the solid. 
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:, m{T—0)—(Ms-\-ii){0-'t) have been used to melt the 
wax, therefore i gram of wax requires 

m{T—6)—{Ms+ii){e—t) 
M 

to melt it, which is the required heat of fusion. 

N.B. — In this experiment we assume that the specific heat of 
wax in the solid and the liquid state is the same. This assump- 
tion is by no means a legitimate one, and in the following 
experiment the error thus introduced is eliminated. 

*39. Determination of the heat of Fusion of a solid 
(Method 2). 

Apparatus. Same as in Experiment 38. 

Experiment, If the specific heat of the substance in the 
liquid state is not known, we can, by performing two experi- 
ments similar to Experiment 38, in which the masses of the wax 
and the water, as well as the original temperature of the water 
are diflferent, determine not only the latent heat but also the 
specific heat of the substance in the liquid state. 

Suppose <^ is the melting point of the solid, 

s the specific heat of the substance in the solid state, 

j' the specific heat of the substance in the liquid state, 

and X the heat of fusion of the solid. 

If in the first experiment we take m grams of water at 7* 
and M grams of the solid at /°, and find the resulting tempera- 
ture 6y then since the heat given out by the water is equal to 
the heat which raises the calorimeter and solid from /° to the 
melting point, and melts the solid at this temperature and 
then raises the liquid and the calorimeter to ^, we have 

{Ms^y) ((f>''t)+Mx + (M/+ti) (d— <^) = m (tS). (i) 

By taking in a second experiment M^ grams of the solid and 
m^ grams of hot water at 7^°, supposing 0^ to be the resulting 
temperature, we have 

{M's+ii){<i)^t)+M'x+{MV+fi){e'-<i>)=zm'{T'''e'y (2) 
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steam condensing to water at 7^ is (^iW + fi) {6—/)—M{T—d), 
The amount that one gram of steam gives out on condensing to 
water at 7"° is therefore 

M ' 

which is the required heat of vaporisation of water. 

41. Determination of the heat of vaporisation of alcohol. 

Apparatus, Same as in Experiment 40 with addition of 
Alcohol. 

Experiment, As alcohol mixed with water emits heat we 
must pass the vapour into alcohol instead of into water. Fill 
the flask half full of alcohol and raise it to its known boiling 
point T, Fill the calorimeter half full of alcohol and determine 
the mass, M^ introduced, and also its temperature, /. Proceed- 
ing in a similar way as in Experiment 40 we pass the vapour 
into the alcohol and note the final temperature, ^, which must 
be below the boiling point of alcohol, and determine the mass, 
J/, of alcohol vapour condensed. This weighing should be 
done as quickly as possible, as loss by evaporation occurs. 
Then, if s is the known specific heat of alcohol and x is latent 
heat, we have 

whence we can determine x, the heat of vaporisation required, 

D. Evaporation. 

42. Determination of the pressure of aqueous vapour 
at temperatures below 100° C. 

[Take a thick glass tube A closed at one end about 50 cm. in length and 
•75 cm. in diameter. To the other end attach a piece of thick india-rubber 
tubing *^ R about 50 cm. long, and fill both glass and rubber-tubing with 
clean dry mercury up to within about 2 cm. of the open end. Fill the 
empty part with distilled water. Pinch the india-rubber tube, and raise 
the glass tube so that the water passes to the closed end, being careful that 

" Thick india-rubber tubing lined with canvas ought to be used to with- 
stand the pressure. 

£ 
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each time about 5*^ until the water boils, and enter your results 
in a tabular form as follows : — 

Barometric height, H ^ .. .mm. 



Temperatures. 


Difference of levels. 


Pressure of vapour. 




• • • 


• • • 



Plot your results in a curve, taking the temperatures as abscissae 
and the corresponding pressures as ordinates. 

N.B. To obtain a more accurate result we ought to allow for 
the fact that the upper portion of the mercury column oiA which 
is immersed in the water is at a higher temperature than the rest 
of the mercury. Suppose at any given excess of temperature r 
the difference of levels between A and B is h^ of which the length 
H is outside and H^ in the water. If d is the mean coefficient 

of absolute expansion of mercury at t°, h'' would become r— 

I +0T 

when reduced to the temperature of the room, therefore the 
corrected difference of level would be 



^'+ 



= A' + y (i — d t) approximately, 



i + St 

We should have therefore to subtract from the numbers in the 
second column a length obtained by multiplying the height of * d: ' 
above the cork by d, and by the corresponding excess of the 
temperature of the water above the room. 

48. Determination of the pressure of aqueous vapour 
at temperatures above 100° C. 

Apparatus, Round-bottomed flask fitted with a two-holed 
bung : Glass tubing 50 cm, long : Narrow Glass Jar about 
30 cm. high: Thermometer: Retort-stand: Bunsen Burner: 
Half Metre Rule : Sand-Bath : Mercury : Curve-paper. 

E 2 
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Experiment Bend the glass tube at right angles about 5 cm. 
from one end. Ten centimetres from this bend, bend it again 
at right angles in same direction. Fit the shorter limb into a 
hole of the bung : into the other hole push the thermometer so 
that its bulb nearly touches the surface of the water with which 
the flask is half filled. Put in the flask a small piece of clean 
coke to prevent boiling with bumping. Tie down the bung to 
prevent its being forced out by the pressure of the steam. Place 
the flask on a sand-bath on a ring of the retort-stand at a con- 
venient height. Arrange the lower end of the bent tube so that 
it nearly touches the bottom of the gas jar. Boil the water, and 
noting the barometric height, Hy find the temperature, 7; at which 
it boils. Pour into the jar some mercury until its level is about 
2 cm. from the bottom. The tube should touch the side of the 
jar so that its end may be seen through the glass. Heat the 
water again until it boils *^ Note the temperature 7^, and 
measure the distance h^ of the surface of the mercury above the 
open end of the tube. The temperature, 7^, is the boiling point 
under a pressure H-k-h^ Repeat this process, adding nearly 
equal quantities of mercury each time- Enter your results in a 
tabular form as follows : — 

Barometric height, H= . . . mm. 



Boiling points. 


9 

Heights of mercury 
above end of tube. 


Pressures. 


T 

• • m 




... 


H 

 • • 
• 

L.- 1 



Plot a curve, taking the boiling points as abscissae, and cor- 
responding pressures as ordinates. 



*^ If a considerable quantity of steam condenses on the mercury it may be 
occasionally got rid of by means of a large pipette. 
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hi 




Fig. 13- 



*44. Determination of the pressure of alcohol vapour 
at different temperatures* 

\Ay a flask of about 300 c.c. capacity with 
rather a wide neck, is fitted with an air-tight 
cork. Through this passes one end of a 
U-tube C about *5 cm. in diameter, bent as in 
the figure, the longer limb of which is about 
30 cm., the shorter about 15 cm. in length. 
Through the cork also passes a piece of wide 
glass-tubing B about 6 cm. in length and .75 
cm. in diameter, the ends of which are closed 
by smooth plugs of cork **.] 

Apparatus (Fig. 13). Beaker : Ther- 
mometer: Half Metre Rule: Bunsen 
Burner : Wire Gauze on Tripod : 
Alcohol: Curve-paper. 

Experiment. Pour into the tube C 

sufficient clean mercury to fill it nearly to the level of the 

horizontal branch. Fit it to the cork, and fit the cork tightly 

into the flask. Place the flask in a beaker of water on a piece 

of wire gauze on a tripod and note the temperature, ty Read 

off^ the difference of levels, if any, h, of the mercury, and note 

the barometric pressure, H. The pressure of the air in the 

flask is H-^h, according as the level in the shorter arm is below 

or above that in the longer arm. Let this pressure be /\. The 

next step will be to introduce some alcohol into the flask without 

opening any communication with the external air. To do this take 

out the upper plug from the tube B and nearly fill the latter with 

alcohol. Replace the plug and push it down the tube. As the 

alcohol is compressed it will force out the lower plug and drop 

into the flask and will saturate the space with its vapour. Read 

off the difference of levels of the mercury hy Then H-\-h^ gives 

us the pressiu-e of the alcohol vapour and air at ty Therefore 

h^—h\% the pressure, /i, due to the alcohol alone. Heat the 

water gradually, keeping it well stirred until the thermometer rises 

about 5°. Read the temperature, /g, and the difference of levels, 

h^ *'. Then H^ h^ gives the pressure of the alcohol vapour and 

^ The plugs cut out by the usual cork-borers in making holes through 
a cork will do very well, if smoothly cut. 
" See Note 22. 
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air. Continue heating and reading the thermometer and difference 
of levels for every 5° rise of temperature until the thermometer 
marks 50°. Enter your results in a tabular form 'as follows : — 

Barometric height, Zr»...mm. 



Temperature. 


Difference 
of levels. 


Pressure of 
alcohol + air. 


Pressure of air. 


Pressure of 
alcohol. 


• • • 


A, 

• • • 


• •  


P, 

•  • 


Pi 

... 



To get the pressure due to the alcohol alone we must subtract 
from the numbers in the third column the corresponding 
pressures due to the air, entered in the fourth column. To get 
them, let us find P^, If P^ be the pressure of the air, if it were 
cooled to o°C, and if a= '00366, the coeflScient of expansion of 
air, then p^ ^ p (^ ^. ^/^^ 

^1 = ^0 (i + a/,), 

' I + a/j * 
Plot a curve, taking the temperatures as abscissae, and the 
corresponding vapour-pressures of alcohol as ordinates. 
Determine as above the vapour-pressure of Turpentine. 

46. To find by Begnault's Hygrometer (a) the dew 
point ; (b) the pressure of aqueous vapour in the air ; 
(c) the relative htunidity of the air. 

[Take a boiling tube A from 2 to 3 cm. in diameter and silver the 
bottom of it as described in Appendix B. 8. Through a cork fitting this 
tube pass a thermometer T and two elbow-tubes B and C, one of which 
reaches almost to the bottom of the boiling tube.] 

Apparatus (Fig. 14). Aspirator. 

Experiment. Pour some ether into the Hygrometer so as 
to cover the bulb of the thermometer when the cork is replaced. 
Attach the elbow-tube i? to an aspirator. As the water flows 
out of the latter, air, entering the tube C, bubbles through the 
ether, which therefore evaporates quickly. The external air 



'& m & & S»' 




'^ JS*>osit of vapour. 

i.K%^;K dew-point is 
ibS4i pressure, _/; of 
vmTbUS the pressure 



^6 Practical Work in Heat 

46. Determination of the constant of a wet and dry 
bulb Hygrometer. 

Apparatus. Two thermometers : Vessel of water. 

Experiment, Hang the two thermometers about lo cm. apart 
from one another. Cover the bulb of one with fine muslin, to 
which is attached a piece of loose cotton thread (such as is used 
for the wick of an oil-lamp) long enough to dip into the small 
vessel of water *^. The muslin and cotton are to begin with 
thoroughly wetted with distilled water, then the water from the 
cistern rises up the thread by capillary action, and the bulb is 
thus kept constantly wet. 

The two thermometers and small vessel of water ought to be 
fixed to a wooden support and hung on the wall of the laboratory 
in a permanent position. 

In consequence of the continual evaporation the temperature 
of the wet-bulb thermometer is always lower than that of 
the dry-bulb thermometer. It is proved in books on physics 
that ' 

if / is the temperature of the dry-bulb thermometer, 
/' the temperature of the wet-bulb thermometer, 
F' the maximum pressure of water vapour at temperature /', 
/Xht pressure of the water vapour-in the air, 
and H the barometric height, 

\ht\x f— f' —AH (t—t% where A is the 'constant* of this 
instrument. 

To determine A, read /,/, and the barometric height H, 
Look in tables for F\ and find f by Regnault's Hygrometer 
(Experiment 45). Substitute their values in the above equation, 
and so determine A, 

Having once determined A for the particular position in 
which the instrument is always in future to be used, we can 
evidently determine/; the vapour pressure fn the air, by reading 
the dry and wet-bulb thermometers and the barometric height, 
and finding the value of F' from the tables. 

^® The mnslin and lamp cotton should, before use, be boiled in water 
containing a little washing soda to get rid of grease. 
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*47. Determination of the mass of 1 litre of Laboratory 
air by reading the barometer, thermometer and hygro- 
meter. 

Apparatus, Thermometer : Hygrometer. 

Experiment, The mass of a litre of laboratory air equals the 
mass of the dry air added to the mass of the vapour contained 
in it at the existing temperature and pressure. 

Read the temperature / of the air, and the barometric height 
Hy and determine by Regnault's Hygrometer the pressure, f^ 
of the vapour in the air. 

i. To determine the mass of a litre of dry air. 

The mass of a given volume of air varies directly as its 
pressure and inversely as its temperature above — 273°C. The 
mass of one litre of dry air at o*^C and under 760 mm. pressure 
is 1-293 grs., therefore its mass at its present temperature, /, and 
under its present pressure, H—f is 

700 273 + / 

ii. To determine the mass of a litre of vapour. 

The mass of a given volume of vapour is |ths that of an 
equal volume of dry air at the same temperature and pressure 
as the vapour. The vapour is at the temperature, /, and under 
a pressure, f 

The mass of one litre of dry air under these conditions is 

f 27^ 

X ^ . , X 1-293 grs.. 



760 273 + / 

therefore the mass of one litre of the vapour is 

f 27Q 

/« = I X -^ X — -^^ X 1-293 grs. (ii) 

* ® 760 273 + / ^ ' 

Adding (i) and (ii) together, we get for the mass of a litre of 

the laboratory air, 

H—%f 273 
^= m,^m, = -^^ X ^^^ X 1-293 grs. 

Substituting for H^f,t^t get M, the mass required. 
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E. Radiation. 

48. To investigate the truth of Newton's law of cooling. 

Apparatus, Tin vessel about 200 c.c. capacity: Large 
Beaker : Thermometer : Bunsen Burner : Curve-paper. 

ExperimenL Newton stated that when a heated body cooled 
in an enclosure of constant temperature, its velocity of cooling 
is proportional to its excess of temperature over that of the 
enclosure. Let us take a thermometer as the body to be heated 
and allowed to cool. In order to keep the temperature of the 
enclosure constant take the tin vessel and float it in a large 
beaker of water, so that the water level is about 2 cm. from the 
top of the vessel on the outside — sand or shot may be used as 
ballast. Take a piece of wood to be used as a cover, bore 
a hole in the middle of it, and fit a cork,- through which the 
thermometer passes, to the hole. Take out the thermometer and 
heat it carefully to about 70° or 80° in the hot air rising from 
a flame. Replace it in the cork and arrange the cover so that 
the thermometer dips into the empty tin vessel. Note the 
temperature every half-minute as it cools down to the tem- 
perature of the room, and enter your results as follows : — 

Temperature of the enclosure / ... 



0])served 
temperature. 


Excess of 
temperature. 


Average excess 
every half-minute. 


Fall in degrees 
every half-minute. 


FaU. 


Average excess. 


h 

• • • 


... 


^1 + ^2 
2 

^2 + ^3 
2 

• • • 


*  • 


  • 

• •  

• • • 



The numbers in the second column are obtained by subtract- 
ing the temperature / of the water in the beaker from each of 
those in the first column. 

The numbers in the third column are the average of successive 
pairs of numbers in the second column. 
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The numbers in the fourth column are the differences be- 
tween successive pairs in the first column. 

The numbers in the fifth column are the quotients of cor- 
responding numbers in the third and fourth columns. 

If Newton's Law were true this last series would be constant. 
It will be found, however, that as the temperature decreases the 
numbers decrease somewhat, which shows that Newton's Law is 
not quite exact, and that the fall diminishes quicker than the 
excess, i. e. they are not quite proportional to each other. 

Plot your results in a curve, taking the fall in degrees every 
half-minute as abscissae, and the corresponding average excesses 
as ordinates. 

*49. To plot the curve of cooling for a calorimeter and 
to determine how much heat is given off by it in unit 
time at a given temperature. 

Apparatus. Calorimeter : Thermometer : Bunsen Burner : 
Curve-paper. 

Experiment. Counterpoise the calorimeter. Boil some water 
in a beaker, and pour some of it into the calorimeter so as to 
very nearly fill it. Support a thermometer so that its bulb is 
immersed under the surface of the hot water, and observe the 
temperatures every half-minute as the calorimeter cools to the 
temperature of the room. At the end weigh the calorimeter and 
find the mass, /«, of water introduced. 

Enter your results in a tabular form, and plot them on a curve, 
taking the times as abscissae and the corresponding tempera- 
tures as ordinates. This curve is called the cooling curve for the 
calorimeter. It is independent of the nature of the liquid con- 
tained in it. (Experiment 35.) 

To determine the quantity of heat given off by the calorimeter 
in unit time at a certain temperature, say at 50°. Through 
the point on the temperature axis corresponding to 50° draw 
a horizontal straight line cutting the curve at the point P. 
Through P draw a tangent to the curve and continue it to cut 
both axes. The tangent of the angle this tangent makes with 
the time-axis evidently gives us the rate of cooling at 50°. Let 
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the tangent cut the temperature axis at a point corresponding to 
a temperature 7; and the time axis at a point corresponding to N 
half-minutes. Then at 50° it would cool 7* in iV half-minutes, 

therefore — in one half-minute. The quantity of heat given off 

depends on the mass and nature of the liquid in the calorimeter. 
If m is the mass of water, and ix the water value of the calori- 
meter, the quantity of heat given off at 50° during the half- 

T 
minute is evidently {m-^-yi) — • 

If we had filled the calorimeter with a mass m of another 
liquid we should have to substitute ms in the above for zw, where 
s is the specific heat of the liquid. 

Determine as above the quantity of heat given off by 
(i) water, and (2) mercury at 40° from the same calorimeter. 



The emissive power of a substance is that quantity of heat 
emitted normally from unit area in unit time when its excess of 
temperature is i^ above that of the enclosure. 

60. To compare the emissive powers of two sub- 
stances, e. g. Lampblack and Tinfoil. 

Apparatus, Two vessels of as nearly the same size and 
shape as possible**: Thermometer: Beaker: Bunsen Burner: 
Curve-paper. 

Experiment. Cover the outside of one vessel with lampblack 
by holding it in an ordinary gas flame. Fill it nearly with 
boiling water and arrange the thermometer with its bulb im- 
mersed in the water, and note the time it takes to cool every 5°, 
till the temperature has fallen to about 40° Now cover the 
outside of the other vessel to the same height with strips of 
tinfoil. Fill it with boiling water to the same height as in the 
first case and note the time it takes to cool every 5° through the 
same range of temperatures. 

*• Small conical flasks of about 80 c.c. do very well. 
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Arrange your results in a tabular form as follows : — 



6i 



Temperatures. 


Time of cooling. 


Ratio of 

emissive 

powers 

.«' 

n 


Tinfoil. 


I^ampblack. 


85°— 80° 

• • • 






• • • 

• • • 

• • • 



Mean 



While the temperature decreases, say from 90° to 85°, the 
quantity of heat given off per minute from the tinfoil surface, if 
M is the mass of water, is 



and from the lampblack surface of the same area it is 

so that the ratio of the emissive power of tinfoil to that of lamp- 
black is 

Calculate the ratios for the successive ranges of temperature 
and enter them in the fourth column. 

Compare the emissive powers of varnish, white lead, paper. 
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Appendix A. 



Volume of unit mass and 


(3) 
Volume of i c.c. at 0° 


density of water at different 


and density of mercury 
at different 




temperatures. 


temperatures. 


/**C. 


Volume of 
unit mass. 


Density. 


Volume of 
I C.C. at 0°. 


Density. 


o 


1.0001 


0.99988 


1.0000 


13-596 


4 


I'OOOO 


1.00000 


T.0007 


13586 


ID 


1.0003 


.99976 


1-0018 


13572 


15 


1.0008 


.99917 


1.0027 


13559 


ao 


1.0017 


.99827 


1.0036 


13-547 


H 


1-0029 


•99713 


1-0045 


13-535 


30 


1.0043 


•99578 


1-0054 


13-533 


35 


1.0059 


.99407 


1.0063 


13-5" 


40 


1.0077 


.99236 


1.0072 


13-499 


45 


1.0097 


.99029 


I -008 1 


13-487 


50 


1*0120 


•98821 


1.0090 


13474 


55 


1-0144 


.98580 


1.0099 


13.462 


60 


1.0169 


•98339 


1.0108 


13-450 


65 


1.0197 


.98067 


1.0117 


13-438 


70 


1-0226 


•97795 


T.0127 


i3-4«6 


75 


1.0257 


•97495 


1.0130 


13414 


80 


1-0289 


•97195 


1-0145 


13.401 


«5 


10322 


.96876 


1. 01 54 


13-389 


90 


'•0357 


•9^5557 


1.0163 


13-377 


95 


1.0394 


•96212 


1-0172 


13-365 


100 


1.0432 


.95866 


1.0182 


13-353 



(3) Densities. 

Lead 11.4 

Iron 7.76 

Copper 8.95 

Glycerine 1.26 

(4) Coefficients of Expansion 
{absolute). 

Glass (cub.) ? .000026 

Zinc (lin.) .000029 

Copper (lin.) .... >ooooi6 

Brass (lin.) .000019 

Iron (lin.) 000012 

Amyl Alcohol (cub.) . . .00109 
Glycerine (cub.) . . . .000526 
Turpentine (cub.) . . . .00105 
Air (cub.) 0036^ 



(5) Melting-points. 

Paraf&n-wax 

Beeswax 

Stearic Acid 

Benzoic Acid 

Tin 

Lead 



62* 
69-9" 



I2r 

335' 



(6) Boiling-points. 

Methyl Alcohol 66.3® 

Benzol 80.4® 

Turpentine 156® 

Ether 35.5^ 

Carbon Bisulphide .... 48^ 



■ftiftS^jf^,. 



mm 



t^S^£frCQ»l?'l^^i^ CSj. 0/ Mercury. 



lii 







ii^^^tigbs nearly as 
_ * "' lb. cm, of water 

■S-2-S-. • 



^tsm 
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Appendix B. 

1. To graduate and calibrate a glass bulb-tube and to 
fill it with a liquid. 

{a) To graduate it cover the whole of the stem with a uniform 
thin layer of paraffin-wax. Fix it along a metre scale, and with 
a fine needle make a scratch at intervals of -5 cm., and scratch 
the numbers of every fifth division *^, With cotton wool at the 
end of a stick brush some solution of Hydrofluoric Acid over 
the tube and leave it for ten minutes. The acid will etch the 
glass where it is exposed. Finally melt off the wax and dissolve 
any that remains with ether. 

(b) To calibrate it weigh the empty bulb-tube. Place it 

with its open end under some clean dry mercury, and by 

driving out the air by heat fill the tube partly with the 

mercury, and allow it to cool to the temperature of the room. 

Suppose the mercury reaches to the «*^ division on the stem. 

Weigh again and determine the mass, M^ of the mercury it 

M 
contains. The volume of the bulb and the n divisions is — c.c, 

where <r is the density of mercury at the temperature of the 
room. Therefore if B is the volume of the bulb [up to the point 
where the divisions begin] and v the volume of one division, 

M 
B-^nv = — • 

Now introduce as before some more mercury, say up to the 
;^th division, and find the total mass, M^j of the mercury con- 
tained in the tube. Now we have 

M' 
B + mv = — • 
a 

From the above two equations we can find the volume B of the 
bulb and v the volume of each division of the stem. 

(c) A convenient method of filling the bulb-tube is to support 
it vertically. Connect the top of the stem by a short piece of 

"^ We suppose the tube to be of uniform bore. 



I. • * < ' 
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india-rubber tubing with a large funnel resting in a ring of 
a retort-stand Fill the funnel with liquid and heat the bulb 
carefully with a burner. By this means the air is expelled and 
the liquid can be made to fill the tube. 

2. To gradiiate and calibrate a glass tube. Take 
a narrow strip of gummed paper as long as the tube to be 
graduated and mark off along it divisions »5 cm. apart. Stick 
the paper along the tube. Take a short piece of the same 
glass-tubing and smooth its ends flat on sand paper moistened 
with turpentine. Measure its length, /. Counterpoise a crucible. 
Place the tube horizontally under the surface of some clean 
mercury so that it may be filled with it. Close the two ends 
by the fingers and take the tube out of the mercury and 
transfer the mercury it contains to the crucible. Weigh and 
find the mass, m, of the mercury. Read the temperature, /, of 
the room. Find from the tables the density a of mercury at 

this temperature. Then — is volume of a length / cm. of the 

tube, therefore the volume of each of the divisions on the 

?n 
graduated tube is —r- cubic cm. 

2iar 

3. To oleaiL and dry glass vessels. Rinse them out 
successively with (i) Nitric Acid, (2) Distilled Water, (3) 
Caustic Potash, (4) Distilled Water, (5) Alcohol, (6) Ether. 
To dry them take a piece of hard glass tube about 20 cm. long 
and I cm. in diameter. Draw out one end so that it may be 
sufiiciently small to insert in the vessel. Bend the tube 
at right angles about 5 cm. from this end. Fix the tube in 
a clamp with its bent end vertical, and gently heat the horizontal 
portion with a large Bunsen. By means of india-rubber tubing 
attached to the larger end of the glass tube and to a pair 
of bellows, cause a gentle current of hot air to pass into the 
vessel, which must be placed resting mouth downwards on the 
upright portion of the glass tube. A very useful piece of 
apparatus for this and other purposes is the hand-bellows sold 
by chemists to be used with a throat spray. 

F 
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4. To clean mercury. A piece of clean writing paper is 
folded twice at right angles and then opened out in the form of 
a cone ; it is then fitted into a glass funnel. A few holes are 
made with a fine needle near the apex of the paper cone, so 
that when mercury is poured in the liquid escapes through these 
in fine streams. Mercury filtered in this way is quite free from 
dust. Another method is to pour the mercury into a handkerchief 
and press it through the interstices of the linen. 

5. To make a cork water-tight. Soak the cork thoroughly 
in water and then place it in oil, and heat to about 120°. 

6. Black Varnish. A good dead black varnish for radia- 
tion experiments may be made by putting 2 grams of lamp- 
black (or * vegetable black') into a mortar, weighing into the 
vessel 8 grams of gold size, grinding the whole together into 
a smooth paste and adding 10 grams of turpentine. The whole 
must be stirred thoroughly together just before use, and laid on 
evenly with a soft brush. It adheres better if the surface is 
slightly warmed previously, and heated more strongly after the 
coating is applied. 

7. Silvering Solution. Make two solutions as follows : — 
(a) Two grams of silver nitrate are dissolved in i6 c.c. of 

distilled water ; to this ammonia is added until the precipitate 
first thrown down is almost entirely re-dissolved. The solution 
is filtered and diluted to 200 c.c. 

(3) Two grams of silver nitrate are dissolved in a little 
distilled water and this is poured into a litre of rapidly boiling 
distilled water. 1-66 gram of Rochelle salt (Potassium Sodium 
Tartrate) is added, and the mixture boiled for a short time till 
the precipitate contained in it becomes grey. This is then 
filtered while hot. The boiling tube to be silvered has to be 
thoroughly cleaned inside with (i) Nitric Acid, (2) Distilled 
Water, (3) Caustic Potash, (4) Distilled Water, (5) Alcohol, 
(6) Distilled Water. Equal volumes of the above solutions are 
mixed together and poured into the boiling tube up to the level 
required to be silvered. In about an hour the silvering will be 
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complete. Pour off the exhausted liquid, rinse out with dis- 
tilled water. Throughout the whole operation the most 
scrupulous cleanliness is absolutely essential. 

8. Curves and Curve-paper. Paper ruled in centimetres 
and millimetres can be obtained from Messrs. Williams and 
Norgate and Waterlow and Sons. The observed points of the 
curve may be marked with small dots made with a hard sharp 
pencil, and these may be marked by small crosses. In drawing 
the curve the successive points may be first joined by thin 
straight lines, and a smooth curve then drawn through them in 
a freehand manner [see Note 5, and also Practical Work in 
General Physics, Appendix B. 2]. 
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— ^— Lard of the Isles. Edited, with Introdnction and Notes, by 
TaoKAS Batkb. . [Extra fcap. 8to^ ttiffcevers^ u. ; elatht as. tJU 

-— — ^ Marmian, By the same Editor. . [Extra leap. 8vo, 31. 6^. 

«— T7u Talisman. Edited, with Litrodvction, Notes &c., by H. B. 
Gbobgb, If .a. ••.••• [Extra fcap. Svo^ sHffctvert, as. 

ChuapbaU. Gertrude of Wyoming. Edited, with Introdnction and Notes, 
by H. Macaulay FitzGibbom, MJL Secend BdiHon. [Extzm fcap.8TOa u. 

Wordswosth. The White Doe of Rylstone. Edited by W11J.IAM 
KjnaHT,LL.D.,Univernty of St. Andrews. . [Extra fcap. 9vo, a«. &<. 

Vypieftl MmUeMiotM from the best English Writers. Second Edition. 
In Two Volnmet. [Extra fcap. Bto, 3*. 6d. each. 

OSOO&AFKT, ftc. 

Or«0w«U. History of the Dominion of Canada, By W. Parr 
Gbsswble, MJL [Crown Svo, ^t. td. 

•^— - Ge^afhy of the Dominion of Canada and Newfoundkmd. By 
tha same Anuor (Crown 8vo, fir. 

' Geography of Africa Sonth of the Zambesi. By the same 
Author. [Crown Zro, jt. 6d, 

Xiitf Ilea (Alfred). Geography for Schools. Vantl, Practical Geography. 
With Diacrams. (Extra fcap. 8yo, •«. &<. 

IiUOfts. Historical Geography of the British Colonies. By C. P. Lucas, 

B.A. 
Introduction, With Eight Maps [Crown 8vo, 41. &f 

Vol. I. Tht Mediterranean euid Eastern Colonies {fxclnsive e/lndia\. With 
Eleven Maps. [sr. 

VoL II. The West Indian Colonies. With Twelve Maps. . . [js, 6d. 

Wo\. III. West AJrica. With Five Maps. ljs.6d. 

Vol. IV. South and East Africeu Historical and Geographical. With 

Eleven Maps. [of . td. 

Also Vol. IV in two Parts- 
Part I. Historical. 6r. (id Part II. Geogrm^kieal jr. 6d. 



MATHEMATICS AND PHYSICAL SCIENCE. 7 

KATSEKATICS AND PHYSICAL 8CZEVCE. 

Aldls. A Text Book of Algebra {with Answers to the Examples). By 
W. Stkadmam Alois, M.A. [Crown 8vo, ji. Sd. 

Bmtair*. An Introduction to the Mathematical Theory of Electricity 
and Magnetism. By W. T. A. Emtagb, M.A. . . [Crown 8vo, jf. 6d. 

Finn. The ^Junior"* Euclid. Books I and II. [Crown 8vo, u. 6^. 

*»* Books III and IV. In Preparation, 

Fisher. Class-Book of Chemistry. By W. W. Fisher, M.A., F.C.S. 

Fourth Edition. [Crown 8to, 41. 6^. 

Fook. An Introduction to Chemical Crystallography. By Andrkas 

FocK, Ph.D. Translated and Edited by W. J. Popb. With a Preface by 

N. Story-Maskklynb, M.A., F.R.S [Crown Bvo, 5«. 

Kamllton and Ball. Book-keeping. By Sir R. G. C. Hamilton, 

K.C.B., and John Ball. New and Enlarged Edition. [Extra fcap. 8vo, %t. 

*«* Ruled Exercise Books adapted to the Move may be had^ price xs. 6d. ; 
also, adapted to the Preliminary Course onfy, price ^. 

Haroonrt and Kadan. Exercises in Practical Chemistry. By A. G. 

Vbkmom Harcourt, M.A., and H. G. Maoan, M.A. Fi^h Edition. 

Revised by H. G. Madan, M.A. [Crown 8vo, tot. 6d. 

S«nflleji Figures made Scuy : a first Arithmetic Book. By Lbwis 

Hbnslkt, M.A. [Crown 8vo, 6d. AnswerSy js. 

The Sckolat^s Arithmetic. By the same Author. 

[Crown 8vo, m. 6d. Answers, xs. 6d. 
•— The Scholar*s Algebra. An Introdnctory work on Algebra. 

By the same Author. [Crown 8vo, %*. fid. 

Johnston. An Elementary Treatise on Analyticcd Geometry. By 

W. J. Johnston, M.A. Crown 8vo, dr. 
Kinchin. Geometry for Beginners. An easy Introduction to Geometry 

for Young Learners. By G. M. Minchin, M.A., F.R.S. [Extra fcap. 8vo, \s. 6d. 
Vixon. Euclid Revised. Containing the essentials of the Elements of 

Plane Geometry as given by Euclid in his Fust Six Books. Edited by R. C J. 

NixoM, M.A. Third Edition. [Crown 8vo,6«. 

""^i* May likewise be had in parts as follows — 
Book I, xs. Books I, II, xs. 6d. Books I-IV, 3/. Books V, VI. 3^. 6d. 

Geometry in Space. Containing parts of Enclid's Eleventh 

and Twelfth Books. By th^ same Author. . [Crown 8vo, js. €d. 

Elementary Plane Trigonometry; that is. Plane Trigonometry 



without Imaginariet. By the same Author. . . [Crown 8vo, js. 6d, 

Bussell. AnEUmentary Treatise on Pure Geometry. By J. Wellksley 

Russell, M.A. [Crown 8vo, xos. 6d. 

8«lb7. Elementary Mechanics of Solids and Fluids. By A. L. Sblby, 

M.A [Crown 8vo, ^s. td. 

Williamson. Chemistry for Students. By A. W. Williamson, 

Phil. Doc., F.R.S [Extra fcap. 8vo, &c. 6i^. 

Woollcomhe. Practical Work in General Physics. By W. G. Wooll- 

COMBB, MJL, B.Sc. ••...•... [Crown 8vo, af. 

Practical Work in Heat. By the same Anthor. [Crown 8vo, %s. 

Practical Work in Light and Sound. By the same Anthor. 

[Crown 8vo, 9S. 
Practiced Work in Electricity and Magnetism. By the same 

Author. [Crown 8vo, ^s. 
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Oookmm. Essays on Secondary Education, By Various Contributors. 

Edited by Christopheb Cookson, M^ • [Crown 8vo, Paper boards^ 4*. 6d. 

Balfbnr. The Educational Systems of Great Britain and Ireland, By 

Graham Balfouk, M. A. [Crown 8vo, js. 6d. 

Bnekuaster. Elementary Architecture for Schools^ Art Students, and 

General Readers, By Martim A. Bucjcmastkr. With thirty-eight faU-page 

lUnstrations. [Crown Svo^ 4X. 6d, 

Fowtox. The Elements of Deductive and Inductive Logic, By T. 

FowLBB, D.D [Extra foqi. Svo^ 7<. ha. 

Also, separately — 
The Elements of Deductive Logic^ designed mainly for the use of 
Janior Students in the Universities. With a Collection of Examples. 

[Extra fcap. 8vo, jf. td. 

The Elements of Inductive Logic , designed mainly for the use of 

Students in the Universities. Sixth Ediiien, . . . [Extra fcap. 8vo,6r. 

Musio. — Turmer. Hymns and Chorales for Schools and Colleges, 

Edited by Johm Faxmkr, Organbt of Balliol College, Oxford . . [54. 

My Hymns ruittumt the Twus, ax. 

Xiiltok. The Cultivation eftheSpeahing Voice, By John Hullah. 

[Extra fcap. Svo, ax. 6d, 
MMiluwii. A System of Physical Education: Theoretical and Prac- 

tieoL By Archibald Maclarkm. New Edition, re-edited and enlarged by 

Waixacb Maclarxn, M.A., PhD [Crown 8vo. 8r. 61^. «r/. 

Trontbaok and Dale. A Music Primer for Schools, By J. Trout- 

BBCK, D.D., and R. F. Dalb, M.A., B.Mus. . . [Crown 8vo, is.6d. 

Tjrrwliltt. Handbooh of Pictorial Art, With Illustrations, and 

a chapter on Perspective by A. Macdohalo. By R. St. J. TYRWHrrr, M.A. 

Second Edition, \Zso,kalf'm4nvccOt\Zs, 

Upoott. An Introduction to Greek Sculpture, By L. £. Upcoti, 
M JL [Crown 8vo, 4«. td. 

Kalpa to tli« Study of the Bible, taken from the Oxford Bible for 
Teachers, New, Enlarged and IllnstraUed EUlition. Pearl z6mo, stiff covers, 
\s, net. Large Paper Edition, Long Primer 8vo, cloth boards, sr. 

Kelps to tlie Stody of the Book of Oommon Prayer. Being a 
Com p anion to Church Worship. By W. R. W. Stephens, B.D. [Crown 8vo, ax. 

The Parallel Psalter, being the Prayer-Book Version of the Psalms, 
and a new Version arranged on opposite pages. With an Introduction and 
Glossaries by the Rev. S. R. Driver, D.D.,Xitt.D. Fcap. 8vo, ts. 

Old Testament History for Sohools. By T. H. Stokoe, D.D. 

Part I. From the Creation to the Settlement in Palestine. {Second Editwn.'j 

Part IL From the Settlement to the Disruption of the Kingdom. 

Part III. From the Disruption to the Return from Captivity. Completing the 

work, [Extra fcap. 8vo, m. 6d, each Part. 

Botes on the Oospel of St. ]Luke. for Junior Classes. By £. J. 
Moore Smith, Lady Principal of the Ladies' College, Durban, Natal. 

[Extra fcap. 8vo, stiff cevers^ ^^ 6d, 
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Modern Languages. 

FRENCH. 

Braoli«t. Etymological Dictionary of the French Language, with a 
Preface on the Principles of French Etymology. Translated into English by 
G. W. KiTCHiN, D.D., Dean of Durham. Third Edition, [Crown 8vo, 7^ . ta. 

•— ^— Historical Grammar of the French Language, Translated 
into English by G. W. Kitchim, D.D. . . . [Extra fcap. 8vo, 31. td, 

Braohet and Toynbee. A Historical Grammar of the French Lan- 
^of^e. From the French of Augusts Bracket. Rewritten and Enlarged by 
Paget Toynbee, M.A • [Crown 8vo, 7;. 6^. 

Salntsbury. Primer of French Literature, By George Saints- 
BURYi M.A. Fourth Edition^ Revised, .... [Extra fcap. Svo, ^s. 

— — Short History of French Literature, By the same Anthor. 
Fifth Edition^ Revised^ with the Section on the Nineteenth Century greaily 
enlarged [Crown 8vo, lof . 6^. 

Specimens of French LitercUure, from Villon to Hugo. By 

the same Author. . . ... . • . • [Crown 8vo, qs. 

Toynbee. Specinuns of Old French {ix-xv centuries). With Intro- 
duction, Notes, and Glossary. By Paget Toymbbx, M.A. [Crown 8vo, x6j. 

»>  

BeaumarohalK. Le Barbier de Simile, With Introduction and Notes 
by Austin Dobsom [Extra fcap. 8vo, 2«. fid. 

BlouSt. V^loquence de la Chaire et de la Tribune Fran^aises, 
Edited by Paul Bloust, B.A. (Univ. Gallic) Vol. I. French Sacred Oraioty, 

[Extra fcap. 8vo., 2f . 6a. 

Cornellle. Horace, With . Introduction and Notes by George 

Saintsbuky, M»A (Extra fcap. 8 vo, 8J.6<a?. 

Cinna, With Notes, Glossary, Sec, by Gustave Masson, 

B.A. • l^xXxB.icsi'^.^yotStijf covers, \s,td,\clctht2s, 

Oautier (Th^ophile). Scenes of Travel, Selected and Edited by 
G. Saintsbury, M.A. ....... [Extra fcap. 8vo, 2^ . 

Kasson. Louis XIV and his Contemporaries ; as described in Ex- 
tracts from the best Memoirs of the Seventeenth Century. With English Notes, 
Genealogical Tables, &c. By Gustavb Masson, B.A. [Extra fcap. 8vo, 2«. td. 

lColi^r«. Les Pricieuses Ridicules, With Introduction and Notes by 
Andrew Lang, M.A. • [Extrafcap. 8vo, xf.6i^. 

Les Femmes Savantes, With Notes, Glossary, Sec, by 

Gustavb Masson, B.A. . [Extra fcap. 8vo, siijf covers, xs,6d.\ cloth, is, 

« Le Misanthrope. Edited by H. W. Qegg Markheim, M.A. 

[Extra fcap. 8vc, zs, 6d. 
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Molidr*. Les Faurberies dt Scapin. With Voltaire^s Life of Moliire. 
By GusTAVB Masson, B.A. . . ['ExXxtk.icx^Zvo, ttiff" covers, is, 6d, 

Knsset. On ne badine pas avec P Amour, and Fantasio, With 
Introdaction, Notes, &c., by Waltsr Hbrribs Pollock. [Extra fcap. 8vOt ax. 



Zavi«r d« Xaistre. Vayagt autaur de ma Chambrt, \ 
Madame de Duxas. Ourika. 
Bzokmaim-Cliatxian.Z^ Vi€ux Tailleur. 



By GusTAVf 

ASSONyB.A., 



iZi 



y xrd EditioK, 
Alfired de Tignj. La VeilUe de Vincennes, \ Ext. fcap. 8vo, 



Bdmond Abont. LesJumeauxdttHStelComeillt. 
Bodolphe T5pffev. Misavetttures d*un £colier* 

Voyage autour de ma Chambre, separately , limp, is. 6d, 



as. 6d. 



Qnlnet. Lettres d sa Mire. Edited by G. Saintsbury, M. A. 

[Extra fcap. 8vo, at. 

Esther, Edited by G. Saintsbury, M.A. [Extra fcap. Svo, a^. 



Segnaxd. . . Lejimeur. ) By Gustave Massoh. B. A. 

Brueys and Palaprat. Le Grtmdeur, \ tExtra fcap. Svo, a*. W 

Bainte-Benve. Selections from the Causeries du Lundi. Edited by 
G. Saintsbuky, M.A. [Extra fcap. Svo, at. 

SiTignA. Selections from the Correspondence ofMmAMaae de BAvlgii^ 

and her chief Contemporaries. By Gustavb Massom, B. A. [Extra fcap. Bvo, 31. 

Voltaire. Mirope. Edited by G. Saintsbury, M. A. [Extra fcap. 8vo. ^. 



ITALIAN AND SPANISH. 

Primer of ZtaUan Uterature. By F. J. Snell, 6. A. 

[Extra fcap. Svo, 3t. 6^. 

Bante. Tutte le Opere di Dante Alifhieri, nnovamente rivedute nel 
testo dal Dr. £. Moore : Con Indice dei Nomi Propri e delle Cose Notabill, 
compilato da Paget Tovnbeb, M.A. • . . . [Crown Svo, 7^. td. 

*^* Also, an India Paper edition, cloth extra, 9^. 6d. ; and 
Miniature edition, 3 vols., in case, lor. 6d, 

Selections from the 'Inferno.* With Introduction and Notes, 

by H. B. CoTTBRiLL, B.A. . . • . . [Extra fcap. Svo, 4t. 6d, 

Tasso. La Gerusalemme Liberata. Cantos i, ii. With Introduction 
and Notes by the same Editor. .... [Extra fcap. Svo, at. 6^L 

Cervantes. The Adventure of the Wooden Horse, andSancho Panzers 
Governorship, Edited, with Introduction, Life and Notes, by Clovis B^vbnot, 
M.A. (Extra fcap. Svo, at. td. 



MODERN LANGUAGES. II 



GERMAN, &c. 

Buoliliaiiii. Modem German Reader, A Gradnated Collection of 
Extracts in Prose and Poetry from Modem German Writers. E^ted by C. A. 
BucHHEiM, Phil. Doc. 

Part I. With English Notes, a Grammatical Afqpendix, and a complete 

Vocabalary. Seventh Edition, . . . [Extra fcap. 8vo, u. 6<^ 

Part II. With English Notes and an Index. . [Extra fcap. 8vo, ar. td, 

German Poetry for Beginners. Edited, with Notes and Voca- 
bulary, by Emma S. Buoihbim [Extra fcap. 8vo, a«. 

Short German Plays, for Reading and Acting, With Notes 



and a Vocabalary. By the same Editor. . . . [Extra fcap. Bvo, 3f. 
Elementary German Prose Composition, By Emma S. 



BucHHBiM. Second Edition. [Extra fcap. 8vq, cloth, 2S. ; tiiff covers, is. 6d, 

Slixke. Passages for Unprepared Translation from German, 

[Extra fcs^. 8vo, ^r . 
iMtkigm, The Germans at Home; a Practical Introdnction to German 

Conversation, with an Appendix containing the Essentials of German Grammar. 

By Hbbmamn Lancb. Third Edition, [8vo, m. 6<^. 

 The German Manual; a German Grammar, a Reading 

Bode, and a Handbook of German Conversation. By the same Author. [7^ . itd. 
A Grammar of the German La$iguage, being a reprint of the 



Grammar contained in The German JWanual. By the same Author. [8vo, y. 6d, 
German Composition ; a Theoretical and Practical Guide to 



the Art of Translating English Prose into German. By the same Author. 

Third Edition, [8vo, iS. 6d. 

[A Key to the above, price 5 j. net."] 

German Spelling: A Synopsis of the Changes which it has 



— — ^ — ^ - __^ ^__ — — _ ^ — — — 

undergone through the Government Regulations of x88o. . iPa^er cover, 6d, 

Becker's Frledrlch der Oroese. With an Historical Sketch 
of the Rise of Prussia and of the Times of Frederick the Great. With Map. 
Edited by C. A. Buchhbim, PhiL Doc . . . [Extra fcap. 8vo, y. td. 

ChamlMO. Peter SchlemihVs Wundersctme Geschichte. With Notes 
and Vocabulary. ByEMMxS. Buchhbim. Fourth Thousand. [Extra fcap. 8 vo, ar. 

Ooethe. Egmont, With a Life of Goethe, &c. Edited by C. A. 
Buchhbim, Phil. Doc. Fourth Edition. , . , [Extra fcap. 8vo, 3^. 

Iphigenie auf Tauris. A Drama. With a Critical Intro- 
dnction and Notes. Edited by C A Buchhbim, Phil. Doc. Fourth Edition. 

[Extra fcap. 8vo, 3J. 

Dichtung und Wahrheit: (The First Four Books.) Edited by 



C. A. Buchhbim, Phil. Doc. [Extra fcap. 8vo, 4; . td. 

Balm's Griseldis, With English Notes,&c. Edited by C. A. Buchhbim, 

Phil. Doc • . • • . [Extra fcap. 8vo, 3& 

Beine'e Hartreise, With a Life of Heine, &c. With Map. Edited 
by C. A Buchhbim, Phil. Doc. Second Edition. [Extra fcap. 8vo, cloth, as. 6d. 

Prosa, being Selections from his Prose Works. Edited, with 

English Notes, &c., by C. A. Buchhbim, Phil. Doc. [Extra fcap. 8vo, 4^. td, 

BoAnann's Heute Mir Morgen Dir* Edited by J. H. Maude, M.A. 

[Extra fcap. 8vo, as. 
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^•MdBir* Laokoon. With Notes, &c. By A. Hamann, Phil. Doc, 
M.A. Revised, with an Introduction, by L. £. Upcott, M.A. 

[Extra fcap. 8vo, 41. 6d, 

— ^— Minna von Bamhelm, A Comedy. With a Life of Lessing, 
Critical Analjrsis, Complete Commentary, &c Edited by C. A Buchhbim, 
Phil. Doc. Seventh Edition* . . . . . [Extra fcap. 8vo, 31. td* 

Nathan der Weise. With English Notes, &c. Edited by 



C A. BucMHBiM. Phil. Doc Second Editvm, . [Extra fcap. 8to, 4«. 6<^. 
Vlebuhr's Griechische Heroen'Oeschxchten. Tales of Greek Heroes. 
Edited with English Notes and.a Vocabulary, by Emma S. Buchheim. 

Edition A. Text in German Type. » [Extra fcap. 8to, stiff, is. 6d, ; 
Edition B. Text in Roman Type. I ciotk, qs, 
Xl«U's Seines Vaters Sohn and Gespensterkampf, Edited with Notes , 
by H. T. Gbrrans. • [Extra fcap. 8vo, 3«. 

Soulier's Historische Skizzen : — Egmonts Leben und Tod, and Bela- 
gerung von Antwerpen, EUiited by C. A Buchhbim, Phil. Doc. Fifth 
Editiont Revised and Enlarged, with a Map, . [Extra fcap. 8vo, %s, 6d. 

Wilhelm Tell. With a Life of Schiller; an Historical and 

Critical Introduction, Arguments, a Complete Commentary, and Map. Edited 
by C. A Buchheim, Phil. Doc. Seventh Edition. [Extra fcap. 8vo, 3<. 6d. 



Wilhelm Tell. Edited by C. A. Buchheim, Phil. Doc. 

School Edition. With Map [Extra fcap. 8vo, ai. 

Jungfrau von Orleans. Edited by C. A. Buchhkim, Phil. 



Doc. Second Edition. [Extra fcap. 8vo, 4f. fid. 

Maria Stuart. Edited by C. A. Buchheim, Phil. Doc. 

, , [Extra fcap. 8vo, 3*. td. 

Soberer. A History of German Literature. By W. Scherbr. 
Translated from the lliird German Edition by Mrs. F. C. Conybearb. Edited 

by The Rt. Hon. F. Max Mullbk. a vols. [8vo, axi. 

*♦* Or, separately, 10s. 6d. each volume. 

— — A History of German Literature from the Accession of Frederick 
the Great to the Death of Goethe, Reprinted from the above. [C^own 8vo, 5^ . 

Xax XfULler. The German Classics from the Fourth to the Nineteenth 
Century. With Biographical Notices, Translations into Modem German, and 
Notes, by The Rt Hon. F. Max Mullbr, M.A. A New edition, revisml, 
enlarged, and adapted to Wilhblm Schbrbr's History of German Literature, 

by F. LiCHTEMSTEiN. a vols. [Crown 8vo, ns. 

\* Or, separately, loj. 6d. each volume. 

Wrlffbt. An Old High German Primer. With Grammar, Notes, 
and Glossary. By Joseph Wright, M.A2 Ph.D. . [Extra fcap. 8vo, ^. 6<f. 

A Middle High German Primer. With Grammar, Notes, 

and Glossary. Second Edition, By the same Author. [Extra fcap. 8vo, 3<. td. 

A Prim^ of the Gothic Language. Containing the Gospel of 

St, Mark, Selections from the other Gospels, and the Second Epistle to Timothy. 
With Grammar, Notes, and Glossary. By the same Author. Second Edition, 

[Extra fcap. 8vo, ff. 6tf . 
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Latin Educational Works. 



GRAMMARS, LEXICONS, &*c, 

Allen. Rudimenta Latina. Comprising Accidence, and Exercises of 
a very Elementary Character, for the use of Beginners. By J. Barkow Allbn, 
M.A. [Extra fcap. 8vo, a<. 

An Elementary Latin Grammar, By the same Author. jNew 

EditioM, Revised and Enlarged, .... [Extra fcap. 8vo, ar. td. 

A First Latin Exercise Book. By the same Author. Eighth 

Sditicn. [Extra fcap. 8vo, a«. 6d. 

A Second Latin Exercise Book. By the same Author. Second 

Edition [Extra fcap. 8vo, ys. td. 

I- A Key to First 4* Second Latin Exercise Books ^ for Teacfurs only, price 5«. nti.^ 

7'ales of Early Rome. Adapted from the Text of Livy. With 

Notes, Maps, Vocabularies, and English Exercises. By the same Author. 

[Extra fcap. 8vo, stiff covers, is. 6d. 

Fox and Bromley. Models and Exercises in Unseen Translation. 
By H. F. Fox, M.A, and T. M. Bkomlby, M.A. [Extra fcap. 8vo, sf . 6d» 

LA Key to Passages quoted in the above : for Teachers only^ price td. net,] 
OllMoii. An Introduction to Latin Syntax. By W. S. Gibson, M.A. 

[Extra fcap. 8vo, a^. 
Jerram. Reddenda Minora. By C. S. Jerram, M.A. 

[Extra fcap. 8vo, \s. td. 

Anglice Reddenda. First Series. [Extra fcap. 8vo, a*, td. 

Anglice Reddenda. Second Series. [Extra fcap. 8vo, 3«. 

Anglice Reddenda. Third Series. [Extra fcap. 8vo, 3^. 

Lee-Wamer. Hints and Helps for Latin Elegiacs. By H. Lre- 

Wasmbr, M.A [Extra f can. 8vo, 31. 6^. 

\,A Key is provided, for Teachers only ^ price \*. td. net."] 

Lewis. An Elementary Latin Dictionary. By Charlton T. Lewis, 
Ph.D [Square 8vo, ^s. td. 

A Latin Dictionary for Schools, By the same Author. 

[Small 4to, i%s. 

I^indsaj. A Short Historical Latin Grammar, By W. M. Lindsay, 
M.A [Crown 8vo, 5«. td. 

HuiLxis. First Latin Reader, ByT. J.Nunns,M.A. Third Edition, 

[Extra fcap. 8vo, aj. 

Owen and Phillixuore. Mvsa Clavda. Translations into Latin Elegiac 
Verse. By S. G. Owen and J. S. Phillimorb. [Crown Svo, paper boards, 31. 6</. 

Latin Prose Composition. By G. G. Ramsay, M.A., LL.D. 
Fourth Edition. Extra fcap. 8vo. 
VoL I. Syntax^ Exercises with Notes^ 4>c., 44. td. 
Or in two Parts, 3«. td each, viz. 
Part I. The Simple Sentence, Part II. The Compound Sentence, 
*,* A Key to the eidove^ for Teachers only, price 5*. net. 

Vol. II. Passages of Graduated DiffU^tiy for Tramlation into Latin, 
t^^ther with an Introduction on Continuous Proses 44. td. 
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Latin Prose Versions, Contributed by various Scholars. 
Edited by G. G. Ramsay, M. A., LL.D . (Extra fcap. 8vo, 51. 

Bonse. Demonstrations in Latin Elegiac Verse. By W. H. D. Rouse, 
M.A [Crown 8vo, 4X. td. 

SariT^nt. Easy Passages for Translation into Latin, By J. Y. Sargent^ 

M.A. Seventh Edition [Extra fcap. 8vo, %s, 6d, 

[A Key to this Edition is provided^ for Teachers only ^^rice 5;., neU\ 

— A Latin Prose Primer, By the same Author. [Ex. fcap. 8vo, %s, 6d. 

KlniT and Oookson. Tke Principles of Sound and Inflexion, as 
illustrated in the Greek and Latin Languages, By J. £. Kimo, M.A., and 
Christophbk Cookson. M.A [8vo, z8«. 
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